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1Prefacethe objective to focus on the diffi culty to reconstruct the proximal This thesis has Class II composite resin restorations, as this is a problem for many contact area with search project a special device was developed to measure proxi-dentists. For this re s, Furthermore, new restorative procedures and techniques were mal contact tightnesuated for their effectiveness to obtain a proper proximal contact.developed and evalstudy was performed at the department of Preventive and Restorative Dentistry, The College of Dental Sciences at the Radboud University Nijmegen Medical Centre, udy were conducted in collaboration with the nds. Some parts of the stThe Netherla ol of Medicine, University of Heidelberg, r Conservative Dentistry, SchoClinic foermany.GPreface
Proximal contact tightness of posterior composite resin restorations10 Chapter 1  General Introduction 11
General Introduction
Intriduction
In clinical dentistry several treatments are related to replacement of lost tooth struc-
tures. For this purpose the dentist has the choice between direct and indirect tech-
niques. Direct techniques are effective, relatively simple and cheap, whereas indirect 
techniques are more expensive and time consuming. As a direct material, composite 
resin can be applied in almost every indication. 
This chapter comprises a literature review of direct restorative techniques and pro-
cedures for Class II composite resin restorations. In addition, the objectives and outline 
of the thesis are presented.
Changeover from amalgam towards composite resin
During the past decades restorative treatments in dentistry have changed remar kably.1
Growing interest in aesthetic restorations in the posterior region2 and the alleged 
adverse health effects and environmental concerns in respect to the release of mercury 
gave rise to controversial discussions about the use of amalgam in several countries.3
Together with the introduction of new and improved resin materials with adhesive 
properties and the principle of minimal invasive interventions4-6, it has led to a change-
over from the use of amalgam towards composite resins in posterior teeth.7
Composite resin material does not require a standard preparation and can be adjusted 
to every cavity form, resulting in a minimal loss of sound tooth tissue when carious 
lesions are restored.8 Moreover, the tooth is strengthened by the adhesive techniques 
in contrast to amalgam restorations.9
Regarding the early composite resin materials, restorations in posterior teeth revealed 
serious problems like wear, bulk- and marginal-fracture and discoloration.10,11 These 
oblems were almost entirely due to the properties of the composite resin. Due pr
mprovements of the materials, problems of wear, surface roughness and colour to i
lity are nowadays no longer serious clinical problems.instabi 12-14 Although composite 
aterials are largely improved in time, there are still some problems when placing resin m
osite resin restoration. From a questionnaire that was distributed among a a comp
250 Dutch general practitioners it was concluded that problems with post-group of 
e sensitivity and the creation of tight, anatomically correct, proximal contacts operativ
quently encountered when placing composite resin restorations in posterior were fre
teeth.15 Although these problems are seldom mentioned in controlled clinical trials and 
ot the main reason for failure of these restorations. For this study, we have decided are n
nvestigate the problem related to the reconstruction of the proximal contact when to i
placing Class II composite resin restorations.
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Longevity studies of composite resin restorations
A direct comparison of the longevity of different types of restorations among different 
studies by different authors is problematic for various reasons.16 The variables in study 
gn are often poorly described or omitted, or differences in clinical proce dures, desi
used and variations in study characteristics make direct comparisons materials 
impossible. 
cal studies on posterior composite resin restorations with an obser-Longitudinal clini
years or more reveal a wide range of annual failure rates of between vation period of 8 
1 and 6%17-28 pared to 0-7% for amalgam restorations com 18,29-36 (tables 1 and 2). 
cal trials where a direct comparison is made between the two In longitudinal clini
evity of amalgam restorations turns out to be comparablematerials, the long 19
better than that of composite resin restorations.or slightly 37,38 However, in cross-
ional retrospective studies, based on restorations placed in general practices,  sec t
he longevity of amalgam restorations is more than twice as much as the longevity of t
esin restorations.composite r 39-41 explanation for the differences between the  An 
studies may be found in the operator sen-f longi tudinal and cross-sectional results o
ng a posterior composite resin restoration. ive adhesive procedure needed for placisit
calibrated and trained in the techniques In longitudinal studies operators are often 
ons are placed in special selected patients under evaluation, and in general, restorati
eover, restorations are often placed in univer-with a high level of dental motivation. Mor
sity settings, where operators can take all the time they need. Restorations in retro-
spective cross-sectional studies are often placed by operators who may be well skilled 
and experienced in the handling of dental amalgam but relatively under-trained when 
it comes to placing a posterior composite resin restoration.3 However, from a study of 
Opdam et al.27 it was concluded that, when appropriate materials are applied correctly, 
operators who are skilled in both amalgam and composite resin restorations can 
achieve comparable longevity for both restorations. In that study no statistical signifi cant 
differences  between amalgam and composite were found and the annual failure rates 
of both materials were comparable.
Year of 
publication
1990
1991
1991
1991
1996
1997
1998
1998
1998
First author
Bjertness et al.
Jokstad et al.
Osborne et al.
Smales et al.
Smales et al.
Letzel et al.
Collins et al.
Kreulen et al.
Plasmans et al.
Observation
period (years)
17
7-10
14
18
15
13
8
15
8
Number of 
restorations (n)
782
256
367
1801
160
3119
52
1117
266
Survival rate (%)
78
73.5
87.2
70
47.8
35-85
94.2
83
88
Annual failure 
rate (%)
1.3
2.7-3.8
0.9
1.7
3.5
1.2-5.8
0.7
1.1
1.5
Table 1: Longevity studies (>8 years) on posterior amalgam restorations.
Year of 
publication
1991
1998
1998
1998
1999
1999
2000
2000
2001
2003
2006
2006
First author
Barnes et al.
Collins et al.
Mair et al.
Mertz-Fairhurst et al.
Raskins et al.
Wilder et al.
VanDijken et al.
Raskin et al.
Gaengler et al.
Pallesen et al.
Opdam et al.
Da Rosa Rodolpho et al.
Observation
period (years)
8
8
10
10
10
17
11
10
10
11
10
17
Number of 
restorations (n)
33
161
56
85
100
85
33
60
62
54
1955
282
Survival rate (%)
77
86.3
92.9
80
50-60
76
72.7
46.7
74.2
85
86
65
Annual failure 
rate (%)
2.9
1.7
0.7
2.0
4-5
1.4
2.5
5.3
2.6
1.1-1.9
1.7
2.4
Table 2: Longevity studies (>8 years) on posterior composite resin restorations.
se studies it was found that the main reasons for failure are the occurrence of From the
nd fracture of the restoration and/or tooth. In general, failures can be divided caries a
arly failures’ and ‘late failures’. Early failures will occur in the fi rst year after into ‘e
ment and are mostly due to severe treatment faults or gross material defi cien-place
s. Late failures are predominantly caused by fractures, the occurrence of caries and cie
wear or deterioration of the respective materials. In order to be able to detect these 
late failures, clinical studies should at least exceed 3 to 5 years.42
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After full eruption of a tooth a well-established proximal contact provides a natural 
 occlusal embrasure and allows the patient to clean the area easily. As a result of 
tional infl uences, such as chewing, frictional forces occur on the interdental  func
esulting in interdental attrition that may alter the shape of the interdental  contact, r
e into a larger, more oval surface.contact in tim 43 Therefore, the correct term should be 
 instead of ‘contact point’. During mastication, axial forces are  applied ‘contact surface’
n be divided in an axial vertical component and an anterior horizontal to teeth, which ca
e.component of forc 44 It is found that this horizontal component is trans mitted over 
ental arch.more teeth in the d 45 Anthropological studies have shown that abrasion of 
ct surfaces arises mostly from axial (vertical) instead of lateral the proximal conta
of teeth movements 46 47, and that most of the interdental wear can be found at the 
al surface of the fi rst molars.mesi 43
ental contacts on the periodontal status has e of loose or absent interdThe infl uenc
studies. Controversial results have been bject of investigation of several been su
n contacts and the loss of alveolar bone. esented regarding the presence of ope pr
Jernberg et al.48 g depth and attachment loss at the open  found an increased probin
the contralateral side. On the other hand, contacts compared to closed contacts on 
Koral et al.49 and Hancock et al.50 hat open contacts were not associated with  found t
an increased pocket depth or increased alveolar bone destruction. However, between 
contact type and occurrence of food impaction a statistical signifi cant effect was 
found.50 Food impaction occurred most frequently when loose contacts were present 
and least often when the contacts were tight.
There is also some controversy in the literature regarding the infl uence of different 
crown contours and plaque accumulation. Advocates for correctly contoured crowns 
claim that the artifi cial crown should follow the original anatomy of tooth contour to 
permit functional stimulation and to maintain healthy gingival tissues.51 Opponents 
warn against contouring, suggesting that the restored crown should be under-
contoured for better health of the periodontium.52 Kohal et al.53,54 found that increased 
probing depths and loss of clinical attachments levels were found for the groups with 
overcontoured crowns compared to control groups with normal contours. 
In a clinical study of Kepic et al.55 the importance of marginal ridge discrepancies as an 
etiologic factor in the initiation and progression of periodontal disease was inves ti-
gated. It was found that uneven marginal ridges of posterior teeth were far less impor-
tant in determining the patients’ periodontal health status than the presence and 
amount of plaque and calculus deposits.
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No data, however, could be found on the relation between food impaction and the 
anatomy of the proximal contour of the restoration, the tightness of the proximal 
contact, the surface area of the contact, the effect of the ‘plunger cusp’ mechanism 
and the marginal ridge discrepancy.
From the literature it can be concluded that interdental papillae may remain healthy as 
long as there is no associated interdental food impaction and when effective hygiene 
is maintained in loose or open proximal contacts.55,56 If food impaction occurs, the 
interdental papilla is signifi cantly more infl amed and increased sulcus probing depth is 
found.48,50
Main characteristics when restoring proximal contacts
When restoring a proximal carious lesion, the dentists’ challenge is to reconstruct the 
proximal contact. In this procedure two main characteristics of the proximal contact 
are important:
1. A ‘normal’ proximal contact tightness:
In literature no clear defi nition is given on how tight a contact should be to consider it 
as ‘normal’. In most studies the contact tightness is qualitatively evaluated by the 
resistance in passing dental fl oss through the proximal contact, resulting in the qualifi -
cations ‘open’, ‘weak’ or ‘strong’.18,57 In several studies, quantitative methods to  record 
proximal contact tightness were used, however, the effect of a Class II composite resin 
restoration on the contact tightness was not investigated.59-63 Statistically signifi cant 
weaker contacts were found in the maxilla compared to the mandibula and the tightest 
contacts were found between the second premolar and fi rst molar in the lower jaw.60
o statistically signifi cant differences were demonstrated between male and female N
nts. The intra- as well as the inter-individual variability is very large and therefore it patie
possible to defi ne the ‘normal’ proximal contact tightness in a quantitative way. is not 
proximal contact tightness is a dynamic entityAs the 59,64, it can be assumed that, 
sence of dental treatments an individual equilibrium will be present in a dental in the ab
e intra-individual pre-operative contact tightness should be considered as the arch. Th
proximal contact tightness.‘normal’ 
2. ‘Anatomically correct proximal contour’:
nformation available about a ‘correct’ proximal contour is scarce. Only the posi-The i
n of the proximal contact is described.tio 43,65 Depending on the age of the patient, 
it has the form of a point or oval surface, located in the upper middle third of most 
teeth on both proximal ends of the tooth’s equator and beneath the marginal ridges in 
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n bicuspids and molars. No defi nition is given regarding the correct form of the contour 
of a specifi c type of tooth or restoration. 
In general, it can be stated that the contour of the restoration has to be convex in 
co-palatal as well as in occluso-gingival direction, corresponding with the natural buc
of sound teeth and should be in contact with the adjacent tooth. The exact anatomy 
oximal surface will largely depend on the relation between the interdental form of the pr
n adjacent teeth at gingival-level and the height of the clinical crown. distance betwee
ance between teeth and the lower the height of the clinical crown, The larger the dist
e proximal contour must be. On the contrary, when the distance the more convex th
all and the clinical crown is large, this will result in a more fl attened between teeth is sm
proximal contour.
Placement techniques of Class II restorations
n the procedure to reconstruct the proximal contact area matrix bands are used. I
ect restoration depends on the shape of the e proximal contour of a dirTherefore, th
e Latinhe word matrix is derived from thmatrix. T mater, or mother. The ‘New Standard 
he following defi nition: ctionary of the English Language’ gives tDi ‘That which contains 
and gives form to anything’  is all-inclusive and descriptive of various . This defi nition
cience, including dentistry. A dental matrix forms of matrices, in mechanics, art and s
ed piece of metal, or other material, inserted band may be defi ned as a properly shap
to support and to give form to the restoration during placement and hardening of the 
restorative material. Traditionally, circumferential matrix systems are placed when res-
toring Class II cavities. Dr. Louis Jack introduced in 1871 the fi rst successful matrices 
for amalgam. The most used circumferential matrices are the Siqveland matrix  holder66, 
the Tuttleband, AutoMatrix system and the Toffl emire-retainer (fi gures 1 and 2). 
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For proper reconstruction of the proximal contact with amalgam, the thickness of the 
matrix band has to be compensated for after its removal. After securing the matrix 
with a wedge, the matrix is burnished against the adjacent tooth surface. During con-
densation of the amalgam forces will displace the matrix against the adjacent teeth 
resulting in a tight proximal contact.67
Traditionally, amalgam is used in combination with fl at matrices, but despite burnishing 
the matrix against the adjacent tooth, it will lead in most cases to a fl at-line approxi-
mal contour (fi gure 3), where an anatomically correct approximal contour and contact 
is desirable (fi gure 4). This unnatural contour leads to a deviating embrasure space, 
which may contribute to food accumulation on the buccal and lingual aspects of the 
teeth involved.
Fig 1. Ivory Matrix holder no˚ 1 and bands. Fig 2. Ivory Matrix holder no˚ 8 and bands.
Fig 3. Flat-line approximal contours and a high 
situated proximal contact between teeth 36 and 37. 
Fig 4. Anatomically correct proximal contours with a 
more surface-like contact are present between teeth 
15 and 16.
ng the last decade the use of amalgam has diminished and Class II defects are Duri
and more restored with composite resin. Dentists often use the same matrix more 
ues for the placement of amalgam and composite resin restorations. However, techniq
osite resin has different properties and cannot be condensed, although manu-a comp
developed high-viscosity (packable) composite resins to simulate the hand-facturers 
acteristics of amalgam. Due to the visco-elastic properties fl ow will occur after ling char
g pressure on the composite resin.applyin
f the fi rst techniques recommended to achieve a tight proximal contact with One o
posite resin restorations is the ‘pre-wedging’ or ‘multiple wedging’ technique.com 68-70
wooden wedge is fi rmly pressed in the interdental space before cavity preparation A 
and kept in place during preparation. When the restoration is inserted and cured in 
layers, also pressure with a hand-instrument can be applied on the inside of the matrix 
Proximal contact tightness of posterior composite resin restorations18
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n band against the adjacent tooth surface while polymerizing the fi rst layer. This tech-
nique resulted in a signifi cantly tighter proximal contact than when a bulk-fi ll technique 
without additional pressure was applied.71-73
ther technique that may compensate for the thickness of the matrix is the use of a Ano
paration ring. Peumansspecial se et al.74 found that the use of a separation ring com-
sectional matrix resulted in tight proximal contactsbined with a in vitro. In that study 
ng as developed by McKean fi fty years ago was evaluated (fi gure 5).the separation ri
Additionally, Meyer developed contoured sectional ma-
trices that can be combined with separation rings. 
In combination with amalgam such a matrix system 
results in too tight proximal contacts with an increased 
sk of fracture of the marginal ridge of the restoration ri
removal of the matrix. Therefore, the McKean upon 
n ring with a sectional matrix has never gained separatio
n combination with amalgam. However, this popularity i
em, now better known as BiTine ring matrix syst
howed a revival with the introduction of (Dentsply), s
posite resin placement in posterior teeth. routine com
strument to improve the tightness of proximal Another in
contacts are special forceps, which are only suitable for three-surface Class II restora-
tions. The tines of these forceps have to be placed on the inside of the matrix band 
against the adjacent tooth surface. During polymerization of the fi rst layer of com posite 
resin the forceps has to be activated, resulting in pressure on both surfaces. No litera-
ture is available on this technique. However, from clinical experience it is known that 
there is a high risk of displacement of the matrix as well as the composite resin when 
activating the tines. 
Only a few in vitro studies have investigated the extend in which placement techniques 
infl uence the creation of a proximal contact. These studies showed that packing of 
composites does not contribute to a tight proximal contact and that low-viscosity 
composite resins led to the loosest proximal contacts while amalgam gave the tightest 
proximal contacts.67,74
To obtain a proximal contact with composite resin the clinical procedure not only has 
to compensate for the thickness of the matrix but also for the volumetric shrinkage of 
the composite resin after polymerization. The amount of volumetric shrinkage varies 
between approximately 6% for a fl owable composite, to approximately 2% for  medium- 
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and high-viscosity hybrid composites.75,76 This shrinkage is related to the amount of 
resin in the composite resin. A higher volume of resin will result in a higher polymeri-
zation shrinkage.75,77,78 The direction of the shrinkage during polymerization will be 
towards the bonded surfaces of the restoration.79,80 As a Class II composite resin res-
toration consists of four bonded cavity walls and two free (un-bonded) surfaces, 
fl ow will be limited due to a relatively high confi guration factor (c-factor). This c-factor 
is defi ned as the quotient between bonded and free (un-bonded) restoration surface.81,82
As result, most of the relaxation of the composite resin will come from the free 
interdental and occlusal surfaces, thereby possibly reducing contact tightness. 
To obtain this interdental separation teeth have to be separated by compressing the 
periodontal ligament. In a sound situation, the periodontal ligament has a thickness of 
approximately 0.20 mm.83 and when forces are applied onto it demonstrates a visco-
elastic pattern consisting of a short-term elastic response (up to 1 min.) and a long-
term viscous response (up to 30min.).84 This means that when a force is suddenly ap-
plied to the tooth there is an initial rapid displacement of the tooth, followed by a slow 
creep phase. Similarly, when the load is removed, the displacement returns rapidly to 
a low value and then there is a creep back to the initial position.85 The dento-alveolar 
fi bre bundles occupy approximately 50-75% of the volume of the membrane, the re-
mainder of the space being occupied by cellular tissue, interstitial fl uid and vascular 
elements.86 As a result, the total amount of compression possible will be approxi mately 
50% of the total thickness of the periodontal ligament, resulting in a compression of 
±0.1 mm. When separating teeth, two adjacent teeth are displaced oppositely and 
therefore a maximum interdental separation of ±0.2mm. can be obtained.
Infl uences on proximal contact tightness
tightness of a proximal contact may be altered during tooth movement. This The 
nship has been investigated in relation to size of the jawrela tio 87, age88,89, occlusal 
force 290-9 , transseptal fi bre system93,94, teeth malalignment87,92 and tooth extrac-
tion.95,96 The occlusal force that develops during chewing at the molar region has  
or horizontal component of force, which may lead to a mesial drift of teeth. an anteri
tinuous increase could cause late anterior mandibular crowding.This con 92 Moreover, 
ead to a recovery of contact tightness at sites where the proximal contact is it may l
er a restorative procedure.lost aft 97 Mesial drift is assumed to occur as a result of pro-
sive tooth eruption (e.g. third molars) or by re-directed pressure due to forces of gres
stication on mesially inclined teeth.ma 44,64
There is also evidence that the anterior component of force is not the sole masticatory 
force component that affects tooth position. In rats, where distal drift is physiologically 
Fig 5. McKean master separator and matrix retainer.
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n determined98, mesial tooth drift occurs when the proximal contact is removed.97
Similar reaction was found in humans, where mesial drift is physiologically determined, 
second premolar extraction causes distal drift of the fi rst premolar.99 Furthermore, 
ecrease in tightness between fi rst and second premolar as well as between cusp a d
remolar after fi rst mandibular molar extraction was found over time.and fi rst p 100 When 
le tooth both the anterior and the posterior component of force deve-loading a sing
ously. However, the posterior component was far less (4-5 times) loped simultane
nterior component.distinct than the a 61 The greater magnitude of the anterior compo-
e related to the greater mesial inclination of the mandibular poste-nent of force may b
rior teeth101 ural presence of the curve of Spee, the nat 102 and the oblique fi bre arran-
er muscle.gement of the mast 103
al opinion is still that a stable intercuspal relation between upper and lower The gener
h signifi cantly impedes the mesial drift of teeth.teet 64,91
hanges in lower posterior dental arch width es have demonstrated cSeveral studi
tal arch width has been measured at open nction. A decrease in lower denduring fu
d protruded jaw positions.an 104-106 ormation might also infl uence the proximal  This def
g contact tightness. In a clinical study of Jian et al.107 the elastic deformation of human 
al pivots was investigated. They found that mandibular arch during clenching on artifi ci
nines (unilaterally or bilaterally) or bilateral when the subjects clenched on the ca
second molars, no mandibular deformation was found; whereas when the subjects 
clenched on the unilateral second molars, the mandibular arch on the non-pivot side 
moved upward and inward and the straight line distances between the right and left 
measurement points decreased by 0.2 mm. The magnitude of deformation is smaller 
than the depressible limit of periodontal membrane. This suggests that the infl uence of 
mandibular deformation on the proximal contact tightness is limited.
Clinical data on the long-term behaviour of restored proximal contacts are limited to 
just one study.58 In this study the contact tightness was evaluated with dental fl oss and 
with this inaccurate technique of measuring no alterations in tightness could be 
recorded over an 18-months period.
Techniques for measuring proximal contact tightness
Clinically proximal contact tightness is frequently recorded according to the modifi ed 
USPHS-criteria (United States Public Health System).12,18,57 According to these criteria 
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the resistance of passage of dental fl oss through the proximal contact is used to eva-
luate contact tightness. Unfortunately, this rather inaccurate method is not applicable 
to record small changes in contact tightness.60 Another method to determine contact 
tightness is by inserting standardized metal blades or strips of shim stock of various 
thicknesses. The size of the thickest blade that passes the contact area was 
recorded.74,109,110
In Coulomb’s major work on friction ‘Théorie des machines simples’ in 1781 the static 
and dynamic friction of sliding surfaces is described.111 He found that the magnitude 
of the frictional force is independent of the surface contact area, proportional to the 
normal force transmitted across the surface, and practically independent of velocity at 
low speed of removal. Osborn112 was the fi rst to construct a device based on this 
theory to quantify the proximal contact tightness. A thin metal strip was inserted inter-
dentally and pulled out with a spring balance in horizontal direction. When this metal 
strip is inserted between two approximating teeth, the teeth displaced by the strip will 
exert a reactive force against the strip, defi ned as the ‘interproximal force’ (IPF). 
The magnitude of IPF can be indirectly measured by assessing the frictional force 
resisting withdrawal of the strip from the interproximal contact. With dry tooth contact 
and a known coeffi cient of dynamic friction (µ) between tooth enamel and strip mate-
rial, the interdental frictional force (F) is directly proportional to the IPF according to the 
formula: IPF = F/2µ [N].112 The frictional force (F) that resists withdrawal is a value for 
the tightness of the proximal contact. 
Modifi cations of this device, based on a horizontal removal of the strip, were described 
in several other studies. Southard et al.17,113 and Acar et al.63 measured the frictional 
resistance with a digital tension transducer, whereas Oh et al.114 constructed a device 
uipped with a digital strain gauge designed to convert the frictional force into com-eq
sive force using a hinge. A slide bearing made it possible to maintain the pulling pres
 direction and force as constantly as possible. Dörfer speed, et al.60 developed a device 
on removal of a metal blade in occlusal direction, allowing better access in the based 
r region of the mouth. Whereas Vardimon posterio et al.62 constructed a device based 
sertion of the strip between the proximal contacts in order to avoid the adap-on the in
echanism of the periodontal ligament during measurement.tation m
tness of sound proximal contacts varies between 0 and around 12 N, there-The tigh
a new device would be developed to measure proximal contact tightness, fore if 
uld be capable to measure contacts in a range of 0 and 15 N.it sho
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n Objectives
As limited amount of knowledge is available about the reconstruction of proximal con-
tact tightness when placing posterior composite restorations the general objective of 
study is to investigate techniques to obtain tight proximal contacts when placing this 
omposite resin restorations.Class II c
more information will be obtained on the relation between the actual In a clinical trial 
proximal contact tightness to the placement of a posterior compo-measurements of 
n. This patient population, participating in the fi rst clinical trial, site resin restoratio
stigate what changes in contact tightness will occur in the period will be used to inve
by comparing measurements at baseline, directly after placement following treatment, 
x months. and after si
inical studies the possibilities to investigate all variables are limited. Therefore, In cl
another objective is to develop an n vitroi  model with controlled and standardized 
produce results that are representative for the he model should be able to conditions. T
s are obtained with the tuation. When comparable resultclinical si in vitro model and the 
d to evaluate the effect of other variables, nical study, the model can also be usecli
and different matrix systems, in the proce-such as consistency of the composite resin 
s on contact tightness.dure of Class II resin composite restoration
Summarizing, the following main research objectives will be addressed in this thesis:
•  To investigate the effects of separation rings, matrices and various consistencies of 
composite resin on proximal contact tightness in vivo and in vitro.
•  To determine to what degree a restorative treatment affects the proximal contact 
tightness on the long-term in vivo.
•  To develop a clinically representative in vitro model to evaluate the effect of applica-
tion techniques and different procedures for Class II composite resin restorations on 
proximal contact tightness.
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A clinical study on interdental 
separation techniques
Abstract
The effect of interdental separation of a special separation ring and a wooden wedge 
was investigated. In a split-mouth design 27 patients were randomly assigned into one 
wo groups (W or S). In 11 patients an interdental wooden wedge (Hawe Neos) was of t
roup W) and in 16 patients a separation ring (Composi-Tight Gold) was placed (g
contact between teeth 45-46. Simultaneously, in both groups a wooden placed at the 
d with a separation ring (Composi-Tight Gold) was placed on the wedge combine
teeth 35-36 (reference group W+S). To measure proximal contact contact between 
forces at removal of a 0.05 mm thick metal matrix band inserted tightness, frictional 
eeth were recorded. Contact tightness was measured at contacts between adjacent t
d and fourth quadrant, using the Tooth Pressure Meter, before 4-5 and 5-6 in thir
eparation devices (Tapplying s 0), fi ve minutes after application (T1) and fi ve minutes 
remafter oval of the devices (T2).
The effect of separation was determined by calculating the differences between con-
ntact tightness with the devices s before application and cotact tightnes in situ (T1-T0 ). 
y the difference in contact tightness before dental recovery was calculated bThe inter
s (Tpplication and after removal of the devicea 2-T0). To assess the presence of statis-
e measurement times paired T-tests were tically signifi cant differences between thes
arison between W and W+S, or S and W+S applied. Within each patient either a comp
d S versus W+S paired T-tests were applied can be made. Both for W versus W+S an
to compare the differences (T1-T0 T) and ( 2-T0) between the separation devices. Groups 
W and S cannot be compared within a patient, therefore to compare the separation 
achieved between these two devices unpaired T-test were used.
The increase of contact tightness measured at contact 4-5 for group W (0.98±0.26 N) 
was statistically signifi cantly less compared to the increase in group S (5.48±0.88 N) 
(p<0.001) or in group W+S (4.62±0.68 N) (p=0.02). No signifi cant differences were 
found between groups S and W+S (p=0.77). Five minutes after removal of the devices, 
for all groups the contact tightness at contact 4-5 as well as at contact 5-6 were still 
signifi cantly weaker compared to the tightness at baseline (p<0.02). When separation 
is required for restorative procedures, such as a placement of a Class II composite 
resin restoration, special separation rings may be more useful than wooden wedges.
Clinical relevance
Special separation rings may be more useful than wooden wedges when separation is 
required for restorative procedures.
Introduction
In order to obtain tight proximal contacts when placing Class II composite resin 
restorations, interdental separation can displace adjacent teeth, resulting in a larger 
mesial-distal space of the interdental area. This displacement is required to compen-
sate for the thickness of the matrix as well as the polymerization shrinkage of the 
composite resin. One of the fi rst techniques recommended to achieve tight proximal 
contacts is the ‘pre-wedging’ or ‘multiple wedging’ technique.1,2,3 This technique is 
based on separation by wooden wedges placed interdentally. Before cavity prepara-
tion, a wooden wedge is pressed fi rmly into the interdental area and it is kept in place 
during preparation and the restorative procedure. In order to facilitate the reconstruc-
tion of the proximal contact tightness a special separation rings can be used.4,5,6,7
This separation ring is placed after the insertion of a matrix and is kept in place during 
the restorative procedure. Due to a constant pressure on the proximal contact area 
interdental separation is achieved. In an in vitro study these rings have shown to result in 
tight proximal contacts.4,6,7 Also in a clinical study it was found that the use of separation 
rings in the procedure to reconstruct Class II composite resin restorations resulted in an 
increase of contact tightness5, whereas in that same study the pre-wedging technique 
resulted in a decrease of contact tightness. However, it is not clear whether this result is 
also due to the use of different matrix systems. No clinical research is available that 
compares the effectiveness of both techniques in obtaining interdental separation. 
Recently, a new device has been developed which has shown to be capable of pro-
ducing reliable and reproducible results in measuring proximal contact tightness clini-
cally.5,8,9 With this device it is possible to record minor changes in proximal contact 
tightness. The aim of this study was to investigate clinically the effect of separation of 
special separation ring and a wooden wedge.a 
Materials and methods
students of the Dental School at the University of Heidelberg in Germany 27 Among 
rs (11 male/16 female, age between 19-25) were selected. Informed consent voluntee
ained and the study was approved by the Central Committee on Research was obt
Human Subjects (CMO-nr: 2001/056). Inclusion criteria were good general Involving 
presence of a complete sound dentition with 28 teeth (third molars not visually health, 
t) and no posterior diastema. Each patient was randomly assigned into one of presen
groups (W or S) in which two independent observers (CD and BL) performed the two 
asurements. A split-mouth design was used to compare the separation effect of me
either a wooden wedge or separation ring in the fourth quadrant to a wedge combined 
with separation ring in the third quadrant (reference group) (table 1).
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At baseline (T0) proximal contact tightness was measured between fi rst and second 
premolar (contact 4-5) and between second premolar and fi rst molar (contact 5-6). 
Directly afterwards the separation devices were applied according to the protocols:
•  Group W (n=11): An interdental wooden wedge (Hawe Neos, Bioggio, Switzerland) 
was placed interdentally between second premolar and fi rst molar in the fourth 
quadrant (contact 5-6). This wedge was pushed fi rmly into the proximal area from 
buccal side.
•  Group S (n=16): A separation ring (Composi-Tight Gold AU400, Garrison Dental 
Solutions, Spring Lake, USA) was placed on the contact between second premolar 
and fi rst molar in fourth quadrant (contact 5-6).
•  Reference group W+S (n=27): An interdental wooden wedge was combined with a 
separation ring and placed between second premolar and fi rst molar in the third 
quadrant.
As the separation devices are placed on the contact between second premolar and 
fi rst molar (contact 5-6), the transferred effect of separation is measured at the mesial 
contact between fi rst and second premolar (contact 4-5).
The separation devices were left in situ for fi ve minutes and then the proximal contact 
tightness was re-measured (T1) between the fi rst and second premolar in third and 
fourth quadrants. Then the separation devices were removed, and after fi ve minutes 
recovery time all contacts between fi rst and second premolar (contact 4-5) and 
between second premolar and fi rst molar (contact 5-6) in both quadrants were 
re-measured (T2).
e effect of separation was determined by calculating the differences between con-Th
tightness before application and contact tightness with the devicestact in situ (T1-T0). 
terdental recovery was calculated by the difference in contact tightness before The in
ion and after removal of the devices (Tapplicat 2-T0). To assess the presence of statis-
gnifi cant differences between these measurement times paired T-tests were tically si
Within each patient either a comparison between W and W+S, or S and W+S applied. 
made. Both for W versus W+S and S versus W+S paired T-tests were applied can be 
pare the differences (Tto com 1-T0) and (T2-T0) between the separation devices. Groups 
S cannot be compared within a patient, therefore to compare the separation W and 
ved between these two devices unpaired T-test were used.achie
Table 1: Measurement sessions (T0, T1 and T2) of the three groups 
(W, S and W+S) used in the study.
Measurement sessions on T0, T1 and T2
 T0 T1 T2
 Group W Contact 4-5 Contact 4-5 Contact 4-5
 Contact 5-6 - Contact 5-6
Group S Contact 4-5 Contact 4-5 Contact 4-5
 Contact 5-6 - Contact 5-6
Reference group W+S Contact 4-5 Contact 4-5 Contact 4-5
 Contact 5-6 - Contact 5-6
ximal contact tightness was measured using the Tooth Pressure Meter.Pro 5 With this 
device, the tightness of the contact is quantifi ed as the maximum frictional force [N] 
etal strip slowly in occlusal (vertical) direction move a 0.05 mm thick mneeded to re
asurements were taken of which the mean . At each contact site three me(fi gure 1)
e to deformations of the metal (burrs on the lue was determined as the fi nal result. Duva
from the interdental area could result in strip) or a not parallel removal of the strip 
urements. Therefore, measurements were relatively too tight proximal contact meas
me exceeded the maximum (pre-set) range considered as ‘failed’ when the outco
between the three measurements of 0.5 N. In that case a measurement was redone 
(for more technical information: Appendix I).
Figure 1: Clinical procedure of 
measuring proximal contact 
tightness using the Tooth Pressure 
Meter.
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line (T0), after fi ve minutes with separation devices in situ (T1) and fi ve minutes after 
oval of the devices (Trem 2). Placement of all separation devices resulted in a statisti-
ficant increase of contact tightness (Tcally signi  1-T0) at the contact 4-5 (p<0.01). Inser-
e resulted in an increase of 0.98±0.26 N, and from table 3 it can be seen tion of a wedg
atistically signifi cantly less compared to the increase obtained by a that this was st
48±0.88 N) (p<0.001) or that was obtained by a wedge combined separation ring (5.
 (4.62±0.68 N) (p=0.02). No statistically signifi cant difference was with separation ring
aration ring and wedge combined with separation ring (p=0.77).found between sep
Five minutes after removal of the devices for all three groups a statistically signifi cant 
weaker proximal contact tightness was recorded at the contact 4-5 compared to the 
contact tightness at baseline (T2-T0) (p<0.016). No statistically signifi cant differences in 
decrease were found between these three groups (for all comparisons: p>0.26).
At the contact 5-6 also statistically signifi cant weaker contacts were found in all groups 
compared to the contact tightness at baseline (T2-T0) (p<0.01). No statistically signi-
fi cant differences in decreases were found neither between wedge and wedge com-
bined with ring (p=0.96), nor between ring versus wedge combined with ring (p=0.94). 
However, a statistically signifi cant difference in decrease was found between wedge 
and ring (p<0.01).
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Discussion
In this study two separation techniques, as used in restorative dentistry, were clinically 
evaluated and it was found that the traditional ‘pre-wedging’ technique2,8, where a 
wedge is pushed fi rmly into the proximal area, resulted in relatively little interdental 
separation compared to the use of a separation ring or the combination of separation 
ring with wedge. This might be explained by continuous pressure produced by the 
tines of the rings on the interdental contact, whereas a wedge (wooden or plastic) is 
only pressed once in the interdental area. Moreover, a wooden wedge absorbs fl uids 
ch as saliva and blood, resulting in a weaker and more fl exible wedge, adapting itself su
e natural anatomic tooth contour, resulting in even less interdental separation. to th
erdental separation obtained by wedges might be improved if they are pushed So int
interdental area more frequently during their time of placement.into the 
he study design it was not possible to measure the effect of separation Within t
on the contact on which devices were directly in situ as the measurement of the 
tightness was hindered. From a study of Loomanscontact et al.5 it was shown that 
changes of contact tightness at an experimental contact site were transferred applied 
h the proximal contacts. For that reason it was decided to measure at the con-throug
mesial of the experimental site.tact 
Contact tightness at baseline (T0), after application (T1) and after removal (T2)
n T0 (sem) [N] T1 (sem) [N] T2 (sem) [N] T1-T0 (sem) [N] Sign. T2-T0 (sem) [N] Sign.
Contact between teeth 4-5
Wedge 11 2.69 (0.26) 3.67 (0.28) 2.10 (0.19) 0.98 (0.26) 0.006 -0.59 (0.20) 0.016
Ring 16 3.51 (0.34) 8.99 (0.86) 2.58 (0.27) 5.48 (0.88) <0.001 -0.93 (0.20) <0.001
Wedge+ring 27 3.28 (0.40) 7.90 (0.74) 2.53 (0.32) 4.62 (0.68) <0.001 -0.75 (0.22) 0.002
Contact between teeth 5-6
Wedge 11 3.57 (0.44) not measured 3.05 (0.38) not measured not measured -0.52 (0.16) 0.009
Ring 16 4.24 (0.51) not measured 2.87 (0.40) not measured not measured -1.37 (0.20) <0.001
Wedge+ring 27 5.03 (0.78) not measured 4.00 (0.78) not measured not measured -1.37 (0.20) 0.006
Table 2: Recorded proximal contact tightness and standard error of the mean (sem) for all three groups at both 
contact sites (4-5 and 5-6), together with the differences in interdental separation found between the measure-
ment sessions (paired T-test).
Differences in interdental separation between the techniques
T1-T0 T2-T0
n ∆ T1-T0 Sign. 95% CI ∆ T2-T0 Sign. 95% CI
 (sem) [N]   (sem) [N]
Contact between teeth 4-5
Wedge versus ring 11 -4.50 (0.92) <0.001 [-6.44 ... -2.56] 0.33 (0.29) 0.26 [-0.27 ... 0.93]
Wedge versus wedge+ring 16 -2.85 (1.00) 0.02 [-5.07 ... -0.63] -0.39 (0.42) 0.38 [-1.33 ... 0.56]
Ring versus wedge+ring 27 0.31 (1.04) 0.77 [-1.90 ... 2.52] 0.20 (0.25) 0.43 [-0.34 ... 0.75]
Contact between teeth 5-6
Wedge versus ring 11 --- --- --- 0.85 (0.27) <0.01 [0.29 ... 1.41]
Wedge versus wedge+ring 16 --- --- --- -0.03 (0.62) 0.96 [-1.42 ... 1.36]
Ring versus wedge+ring 27 --- --- --- 0.02 (0.32) 0.94 [-0.66 ... 0.71]
Table 3: Differences in interdental separation between the techniques for both locations (4-5 and 5-6) (unpaired 
T-test for the comparison of groups W and S; paired T-test for the comparisons of groups W and W+S and groups 
S and W+S).
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It has been shown that the additional effect of a wedge is negligible compared to the
effect of a ring alone. Nevertheless, it still is an essential tool in restoring Class II
ties as after placement of the matrix the wedge helps to ensure a good adaptationcavi
rix against the tooth. Moreover the use of a wedge of the mat in situ during preparation
an help the operator to obtain a well-controlled and dry operation fi eld.of the cavity c 2,3
the separation devices it can be seen that the proximal contact tight-After removal of 
ct 4-5 and at the contact 5-6 is weaker than the situation before ness at the conta
h sites this can be explained by an ongoing recovery of the perio-intervention. At bot
a pilot-study of Helliedontal ligament. In et al.10 it was found that the recovery 
act tightness after insertion of a wedge was approximately 90% in capacity of the cont
0 sec. and that the remaining 10% required an additional 2 to 3 minutes. the fi rst 3
wever, from the present study it can be concluded that the time for total recovery Ho
needs more time, but it is still unknown how long it takes for a complete recovery.
Conclusion
e procedures, such as a placement of a hen separation is required for restorativW
separation rings may be more useful than Class II composite resin restoration, special 
wooden wedges.
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Abstract
Objective: The objective of this study was to investigate clinical changes in proximal 
contact strength inserting Class II composite resin restorations according to one of 
e randomly assigned protocols.thre
and Methods:Materials 71 Class II restorations (MO/DO) were placed by two calibra-
Restorations were randomly assigned to one of three groups: one using ted operators. 
and two a sectional matrix system with separation rings. Proximal a circumferential 
asured by one independent observer with a Tooth Pressure Meter contacts were me
treatment and directly after fi nishing the restoration.immediately before 
Results: to the situation before treatment groups with a sectional matrix  Compared 
a statistical signifi cant stronger mean proximal contact strengths system resulted in 
whereas the use of a circumferential matrix system with hand-instrument (p<0.05), 
lted in a lower proximal contact strength (p<0.05).resu
Conclusion: site resin restorations placed with a combination ss II posterior compoCla
gs resulted in a stronger proximal contact than matrices and separation rinof sectional 
used.ircumferential matrix system was when a c
Introduction
To obtain a tight proximal contact with Class II composite resin restorations the clinical 
procedure has to compensate for the thickness of the matrix as well as the poly-
merization shrinkage of the composite resin. With amalgam, a tight proximal contact 
can be obtained by condensation of the material. The assumption that applying pres-
sure on the composite resin material would have the same effect was one of the main 
reasons to develop high-viscosity composites or ceromers. However, in vitro studies 
show that packing of high-viscosity composites does not contribute to a tight proximal 
contact, due to the visco-elastic behavior of composite resin materials.1,2 Another 
technique which is recommended to achieve tight proximal contacts is the ‘pre-wed-
ging’ or ‘multiple wedging’ technique. A wooden wedge is pressed fi rmly in the inter-
dental space before cavity preparation and kept in place during preparation.3-5 Another 
study shows that a special separation ring combined with a sectional matrix resulted 
in tight proximal contacts in vitro.2 However, no clinical research is available to prove 
the effectiveness of both these techniques in the amount of obtained interdental sepa-
ration. Moreover, clinical studies are lacking on the reconstruction of the proximal con-
tact with composite resin restorations. In clinical studies the tightness of the proximal 
contact can be measured by passing dental fl oss interdentally and scoring the proxi-
mal contact strength as ‘satisfactory’, ‘acceptable’ or ‘unacceptable’.6 Unfortunately, 
this method it is not applicable to record minor changes in proximal contact strength. 
A more accurate device to measure clinically the proximal contact strength has been 
used in a clinical trial and is able to record minor changes.7 The objective of this 
randomized clinical trial was to compare a circumferential matrix system with a hand-
instrument and two sectional matrix systems combined with separation rings in the 
construction of the proximal contact of a Class II composite resin restoration. re
Materials and methods
ndomized clinical trial was performed between October 2002 and December This ra
he study design was approved by the Central Committee on Research Invol-2003. T
man Subjects (CMO-nr: 2001/056). Patients who required a Class II compo-ving Hu
 restoration (MO or DO) were asked to participate in the study in two Dutch site resin
dental practices. Inclusion criteria were: good general health, minimum age of general 
d fully erupted occluding teeth 18 an (see: Appendices II-VI). Exclusion criteria were 
ema between posterior teeth, presence of fi xed partial dentures, severe perio-diast
ntal diseases and tooth mobility more than mobility-score 1. A power-analysis was do
performed with Alpha at 5%, Beta at 90% in a three-group design. In this calculation 
the standard deviation within the groups (matrix systems) was estimated to be 3, and 
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s the standard deviation between the three groups was assumed to be 1.4. This resul-
ted in an estimated group size of 30 restorations. Informed consent was obtained and 
all 63 patients (19 males / 44 females, age 18-66 years, mean age of 33.9) partici-
ed in the study. 71 Class II composite resin restorations (MO/DO) were placed by pat
ated operators (Operator 1: 42 restorations in 39 patients, Operator 2: 29 two calibr
n 24 patients). In six patients multiple restorations were placed (in four restorations i
orations and in two patients three restorations). Each restoration was patients two rest
ate session and therefore nesting of multiple restorations within pa-placed in a separ
n the analysis. All restorations were placed according to the follo-tients was ignored i
anesthesia (Ultracaïne DS, Aventis) was administered if necessary. wing protocol: local 
awe Neos, Bioggio, Switzerland) was placed interproximally at the A wooden wedge (H
be restored. The wedge was pushed tightly in the interdental space from the surface to 
tal side. Wedges were kept in place tightly to obtain separation of teeth and to pala
prevent damage of the papilla during the whole preparation procedure, also called 
.‘pre-wedging’ 3  remove an existing restoration a high-speed To open the cavity or to
N, Biberach, Germany) with a diamond bur ce (KaVo Intramatic LUX 2, 25 Lhand-pie
ssue was excavated with low speed hand-G 108-009, Horico) was used. Carious ti(F
round steel burs (RA 001-012/014, Meiss) piece (KaVo Intramatic LUX 2, 29 LN) with 
hed in a bevel with either fi ne-grit diamond and hand-excavators. The outline was fi nis
preparation device (KaVo Dental, Biberach, bur (FG 249-F012, Horico) or a Sonicsys 
Germany) to prevent damage of adjacent teeth.8 Restorations in adjacent teeth were 
adjusted and polished with fi ne-grit diamond burs and Sof-LexTM discs (3M Espe, 
St. Paul, MN, USA). After fi nishing the preparation teeth were randomly assigned to 
one of three experimental groups with a special balancing computer program 
(Trial Balance Program, NRC Nestle, Vevey, Switzerland). This program distributes the 
samples to one of the experimental groups, based on existing clinical variations other 
than the experimental variables. Balancing factors were: bucco-lingual width of the 
preparation (≤ 3mm. or > 3mm.), depth of the box (≤ 3mm. or > 3mm.), age of patient 
(18-29, 30-49 or 50-69), location of tooth (4, 5 or 6), treated surface (MO-DO) and jaw 
(upper-lower). For moisture control cotton rolls were combined with a tongue shield 
and suction.
Group 1:  A circumferential pre-contoured matrix system (Toffl emire, Produits Dentaire 
SA, Vevey, Switzerland and matrix Hawe Neos 1001-c, 0.05 mm thick, 
Bioggio, Switzerland) was placed around the tooth and fi xed with an inter-
dental wooden wedge (Hawe Neos, Bioggio, Switzerland).
  The contact area was burnished with a hand-instrument so that no visual 
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space was left between matrix and adjacent tooth. During polymerization of 
the fi rst horizontal layer of the composite resin a hand-instrument (PFI 49, 
Weybridge, UK) was placed on the contact area to press the matrix against 
the adjacent tooth surface.
Group 2:   A sectional contoured dead-soft Standard Matrix (0.04 mm thick, Palodent, 
Dentsply Caulk, Milford, DE) was combined with a separation ring (BiTine 
ring type-I, Palodent, Dentsply Caulk, Milford, DE). The sectional matrix was 
fi xated with a wooden wedge (Hawe Neos, Bioggio, Switzerland) and subse-
quently the separation ring was placed. The matrix was burnished with a 
hand-instrument (PFI 49) against the proximal surface of the adjacent tooth.
Group 3:   For this group the same procedure was followed as in group 2, but instead 
of the Palodent matrix system, the sectional Contact Matrix System combi-
ning a contoured fl exible Thin Flex Matrix (0.04mm, Danville Materials, San 
Ramon, California) and a separation ring (Contact Rings, inward/outward, 
Danville Materials, San Ramon, California) were applied.
Table 1 summarizes the specifi cations of the experimental groups used in this study.
The cavities were restored using a three-step adhesive system (Clearfi l SA Primer, 
Clearfi l Photo Bond (n=44)) or a two-step self-etching system (Clearfi l SE Bond (n=27)) 
and a highly fi lled hybrid composite (Clearfi l AP-X (A3), Kuraray Co., Osaka, Japan). 
The composite resin was injected from a preloaded tip in layers of approximately 
<2mm, which were cured for 20 seconds from the occlusal surface using a polyme-
rization unit (Optilux 401, Demetron, Kerr, USA, light intensity 800 mW/cm2). After 
removal of the matrix, restorations were post-cured for 20 seconds from both buccal 
d lingual side. Restorations were fi nished using fi ne grit diamond burs (FG 249-an
2 and FG 277-F023, Horico) and Sof-LexF01 TM discs and the occlusion was checked 
rticulating paper (Bausch Articulating Paper, 40µm). with a
Experimental groups in the study
n Pre-wedging Matrix systems Separation ring  Additional force with hand-
instrument (PFI 49)
Group 1 28 Yes Toffl emire +  Hawe Neos  - Yes
  1001-c matrix
Group 2 20 Yes Palodent, Standard matrix  BiTine type I ring -
  (dead-soft)
Group 3 23 Yes Danville, Lite Flex (fl exible) Contact Matrix ring -
Table 1: Specifi cations of the three groups used in the study.
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s Proximal contact strengths were measured using the Tooth Pressure Meter (TPM) that 
was constructed at the University of Technology Delft in the Netherlands according to 
the principles as described by Dörfer et al.7. Proximal contact strengths were recorded 
one independent observer before treatment (Tby 0) and directly after fi nishing the 
n (Trestoratio 1) at the contact of the treatment site (CT), at the contact mesial of the 
(Ctreatment site M) and at the contact distal of the treatment site (CD) as can be seen 
control the proximal contact strengths were recorded at the same in fi gure 1. As a 
ntra-lateral quadrant. A 0.05 mm thick metal strip is connected to locations in the co
s inserted interdentally from the occlusal surface. Proximal contact this device, which i
ntifi ed as the maximum frictional force when the strip is slowly strength [N] is qua
al direction. Custom-written software in Excel (MS Offi ce 2000, removed in occlus
is used for data acquisition and for construction of diagrams, relating force Windows) 
o seconds (sec.). At each measuring site three measurements were taken, of (N) t
which outcomes should be within a maximum range of 0.5N. Measurement outcomes 
sible irregularities in the diagram, e.g. due to is range or presence of viexceeding th
for analysis and leads to repetition of the ions of the strip, excluded data deformat
measuring site is the mean value of these easurement. The fi nal result of a single m
three outcomes tion: Appendix I).(for more technical informa
t the patient is treated in a horizontal position,Due to the fact tha
es of proximal contact strength occur between possible chang
ements before and after treatment.both measur 7,9 Therefore 
ntact strength at the experimental side after treatment the co
(T1) was corrected with the mean difference (T1-T0 ) in proximal 
contact strength at the control side. Data were statistically 
analyzed using SPSS 12. To fi nd differences between groups 
ANOVA and Tukey tests were used at p<0.05 and a linear 
regression analysis was used to determine the infl uence of the 
following variables: matrix systems, jaw (right-left and upper-
lower), box width and depth, tooth surfaces (MO-DO), age, 
gender (male-female), adhesive system and the inter actions 
between operator and matrix system.
Chapter 3 A randomized clinical trial on proximal contacts of posterior composites 47
A random
ized clinical trial on 
proxim
al contacts of posterior 
com
posites
Figure 1: Location of the mea suring sites (CM, CT and CD ) in case 
when restoring a DO preparation in tooth 14.
Results
A large inter-individual variation in proximal contact strengths before treatment was 
found to exist (0.10N < T0 < 12.43N). The mean proximal contact strength before 
treatment at the contact of the treatment site (CT) was 3.19N (95% CI [2.49 - 3.89N]), 
at the contact site mesial of the treatment site (CM) the mean proximal contact strength 
was 2.42N (95% CI [1.97 - 2.87N]) and at the contact site distal of the treatment site 
(CD) it was 2.65N (95% CI [2.17 - 3.13N]). No statistical signifi cant differences of proxi-
mal contact strengths before treatment were found between the three experimental 
groups at treatment site (between groups 1 and 2: p=0.351; between groups 1 and 
3: p=0.714; between groups 2 and 3: p=0.814). Differences in proximal contact 
strengths before and after treatment (∆T10=T1-T0) for all three restorative techniques at 
three measuring sites are shown in table 2.
were normally distributed so that parametric statistical analyses were suitable. All data 
statistical analyses were performed data were corrected with the mean Before 
nce (Tdiffere 1-T0 ) in proximal contact strength at the control side. At the treatment site 
(CT a decrease of proximal contact strength was found for the circumferential matrix ) 
oup 1) and an increase of proximal contact strength was found for both sectional (gr
Differences in proximal contact strength over site and matrix system
Groups n ∆T10 [N] sem [N] 95% CI [N]
Contact of treatment site (CT )
1 Toffl emire 28 -2.11 a 0.61 [-3.33 ... -0.88]
2 Palodent 20 2.56 b 0.59 [1.39 ... 3.73]
3 Contact Matrix 23 0.96 b 0.77 [-0.57 ... 2.50]
Contact mesial of treatment site (CM )
1 Toffl emire 28 -0.45 c 0.23 [-0.92 ... 0.02]
2 Palodent 20 0.61 d 0.22 [0.18 ... 1.05]
3 Contact Matrix 23 1.41 d 0.31  [0.79 ... 2.04]
Contact distal of treatment site (CD )
1 Toffl emire 28 -0.18 e 0.16 [-0.50 ... 0.15]
2 Palodent 20 0.61 f 0.16 [0.28 ... 0.93]
3 Contact Matrix 23 0.33 ef 0.16 [0.01 ... 0.66]
Table 2: Statistically signifi cant differences between experimental groups at each site have 
been marked with a different character (a-c, etc.).
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From the linear regression analysis it appears that variables such as location in the 
jaw, tooth surfaces, box dimensions, age, gender and adhesive system did not have a 
statistical signifi cant effect on the measurements. Neither there were statistical signi-
fi cant interactions between operator and used matrix systems (table 3).
Discussion
In this randomized clinical trial the reconstruction of proximal contacts of Class II 
composite resin restorations placed with a traditional technique (circumferential matrix 
system, strong wedging and applying pressure by hand-instrument) were compared 
with two experimental techniques using a sectional matrix and separation ring. 
The experimental techniques lead to signifi cantly stronger proximal contacts com pared 
to the applied traditional method. Both operators were experienced dentists and well-
trained in handling the circumferential matrix system. Regarding the sectional system 
with separation ring only one operator was well-trained in this technique, while the other 
operator was relatively inexperienced. Nevertheless, the results showed that no statis-
tically signifi cant differences were found for both operators with various systems. 
Generally it is assumed that the contour and proximal contact strength are important 
characteristics to prevent food impaction, tooth migration, periodontal complications 
and caries.10-13 As contoured matrix bands contribute to a better contour of the proxi-
mal restoration it was decided to use pre-contoured sectional as well as pre-
contoured circumferential matrix bands, but it is unknown whether the use of straight 
conventional matrix bands would have changed the outcome of the present study.14
When a restoration was present in the adjacent tooth-surface, it was adjusted and mar-
ginal overhang or irregularities on the surface of the restoration were removed. This might 
ve some effect on the measurement of the proximal contact strength, but is inevitable ha
djustment of the adjacent restoration is mandatory for ‘good clinical practice’.as a
udy of Southard In a st et al.9 it has been shown that when a patient was positioned 
ally the proximal contact strength decreased over time. Therefore in the horizont
study the test readings were corrected based on the difference between base-present 
nal recording on the untreated control side of each patient in order to exclude line and fi 
infl uences. If no differences were recorded at the control side, no correction possible 
riginal test data was executed.of the o
tter results of the groups 2 and 3 may be contributed either to the separation The be
or the sectional matrix. As in another study of Loomans rings et al.15, a statistical 
nifi cant stronger separation effect of rings was found compared to the use of sig
hand-instruments, it is likely that they play a crucial role in obtaining a tight proximal 
contact.
matrix systems combined with separation ring (groups 2 and 3). The differences 
between the circumferential system (group 1) and the two sectional matrix systems 
(groups 2 and 3) were statistical signifi cant (p<0.001 resp. p=0.03). No statistical 
ifi cant difference was found between groups 2 and 3 (p=0.247). At the contacts sign
d distal of the treatment site (Cmesial an M and CD ) both sectional matrix systems 
n increase of proximal contact strength but no statistical signifi cant resulted in a
found between groups 2 and 3 (Cdifferences were M: p=0.103 resp. CD: p=0.496). 
sial of the treatment site (CAt the contact me M ) use of the circumferential system with 
roup 1) resulted in statistical signifi cant weaker proximal contact hand-instrument (g
to groups 2 and 3 (p<0.001 resp. p=0.015). At the contact distal strength compared 
e (Cof the treatment sit D ) only a statistical signifi cant difference was found between 
nd 2 (p=0.003), whereas no statistical signifi cant difference was found group 1 a
ween groups 2 and 3 (p=0.496). The greatest changes of contact strengths after bet
reatment were observed at the treatment site. Moreover, stronger (or weaker) proxi-t
site were associated with stronger (or weaker) strengths at the treatment mal contact 
ment site.mesially and distally of the treatcontacts 
Linear regression analysis to determine the effect of different variables
Model Unstandardized  Standardized  Sign.  95% CI
 Coeffi cients (ß) Coeffi cients (ß)
(Constant) 1.52  0.841 [-13.70 ... 16.75]
Danville 3.30 0.42 0.033 [0.27 ... 6.34]
Palodent 6.84 0.82 0.001 [3.01 ... 10.66]
Tooth (4,5,6) 0.15 0.03 0.891 [-2.08 ... 2.38]
Tooth surfaces (1=MO, 2=DO) 0.55 0.07 0.748 [-2.88 ... 3.98]
Jaw (1=right, 2=left) 0.83 -0.11 0.413 [-2.86 ... 1.20]
Jaw (1=upper, 2=lower) 0.16 0.02 0.876 [-1.86 ... 2.18]
Box width (1= =3 mm, 2= >3mm) 0.96 0.12 0.457 [-1.62 ... 3.54]
Box depth (1= =3 mm, 2= >3mm) -1.44 -0.18 0.247 [-3.91 ... 1.03]
Adhesive system (1=PhotoBond+ -1.69 -0.22 0.073 [-3.54 ... 0.17]
SA Primer, 2=SE Bond)
Age  -0.05 -0.13 0.359 [-0.16 ... 0.06]
Gender (1=male, 2=female) -0.26 -0.03 0.814 [-2.42 ... 1.91]
Interaction between Operator 1  1.80 0.18 0.319 [-1.79 ... 5.39]
and Danville
Interaction between Operator 1  -1.49 -0.16 0.471 [-5.63 ... 2.64]
and Palodent
Interaction between Operator 1  2.40 0.26 0.130 [-0.74 ... 5.55]
and Toffl emire
Table 3: To determine the effect of various variables on the proximal contact strength, a linear 
regression model was constructed. 
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individuals. From the three experimental groups, proximal contacts in the group with a 
circumferential matrix could not be restored into the original contact strength, whereas 
he other groups, using the separation ring and sectional matrix an increase of in t
rengths were recorded. From a clinical point of view the use of sectional contact st
s combined with separation rings may result in a more reliable proximal matrix system
acing posterior composite resin restorations. On the other hand a contact when pl
ure’ can be expected as stronger proximal contacts diminish in ‘correction by nat
er contacts may become stronger again over a period of time. strength and weak
wn whether this adaptation in contact strength occurs and there-However, it is unkno
low-up study on the same subjects is now in progress to establish fore a six-months fol
ability. this adapt
Conclusion
ations placed with a combination of sectional erior composite resin restorClass II post
 a stronger proximal contact than when a and separation rings resulted inmatrices 
rcumferential matrix system was used.ci
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Summary
This study investigated the tightness of the proximal contact when placing posterior 
resin composite restorations with circumferential and sectional matrix systems in an 
troin vi  model using a special measuring device (Tooth Pressure Meter). A manikin 
s used with an artifi cial fi rst molar in which an MO-preparation was ground, model wa
e clinical situation of an amalgam replacement. This preparation was simulating th
ting in 160 identically prepared teeth. These teeth were divided into 8 duplicated, resul
2 groups, circumferential matrix bands (fl at or contoured) in a Toffl e-groups (n=20). In 
pplied. In the remaining 6 groups, 3 different separation rings were mire retainer were a
pes of sectional matrix bands. All the cavities were restored using combined with 2 ty
 and Clearfi l AP-X. The tightness of the proximal contact was Clearfi l Photo Bond
using the Tooth Pressure Meter. Data were statistically analyzed using SPSS measured 
ANOVA was used to fi nd differences in proximal contact tightness between the 12. 
groups. Tukey tests were used to fi nd differences between the homogeneous 
es combined with separation rings resulted in The use of sectional matricsubgroups. 
when circumferential systems were used roximal contacts compared to tighter p
(p refore recommended when posterior resin <0.001). The use of these devices is the
composite restorations are placed.
Clinical Relevance
When placing a Class II resin composite restoration, to obtain tight proximal contacts, 
the use of sectional matrix systems and separation rings is recommended.
Com
parison of proxim
al contacts 
of Class II resin com
posite
restorations in vitro
Introduction
The procedures required to place Class II resin composite or amalgam restorations are 
different in many aspects. With an amalgam restoration, an adequate proximal contact 
can be achieved by condensing the restorative material into the cavity and against the 
adjacent tooth surface. Stiff packable resin composites were introduced into the 
market, which are claimed to have some handling characteristics of dental amalgam. 
Nevertheless, due to the visco-elastic properties of resin composite, condensation of 
the material into the cavity is impossible. As a result practitioners encounter diffi culties 
in the reconstruction of proximal contacts. But a good proximal contact is important 
for a well functioning dentition. When a proximal contact is too loose this may lead to 
food-impaction, tooth migration, periodontal complications and carious lesions. 1,2
Only a few in vitro studies have investigated the role of the placement techniques in 
creating an adequate proximal contact. A study by Klein et al.3 has shown that the use 
of high viscosity composites does not improve tightness of the proximal contact over 
medium viscosity composites. The use of fl owable composites resulted in the loosest 
proximal contacts, with amalgam providing the tightest proximal contacts. When an 
incremental technique was combined with the application of pressure, using a hand-
instrument on the contact area of the matrix with the adjacent tooth during poly-
merization of the fi rst layer, a tighter proximal contact was obtained compared to when 
a bulk-fi ll technique without additional pressure was applied.4,5,6 The necessary inter-
proximal separation may also be obtained by the insertion of wooden wedges inter-
dentally, described as the ‘pre-wedging’ technique.7 Another technique to obtain the 
separation of teeth is through separation rings. In an in vitro study of Peumans et al.8
it was found that tightness of the proximal contact of a Class II 2-surface resin com-
site restoration was looser with a circumferential matrix system than with a sectional po
x in combination with a separation ring. This result was confi rmed in a clinical matri
which showed that sectional matrix systems, combined with separation rings, study 
in tighter proximal contacts, while a circumferential matrix system resulted in resulted 
roximal contacts compared to the situation prior to treatment.looser p 9
ment of proximal contact tightness is different for the Measure in vivo and in vitro situation.
In vivo, a large variation of proximal contact tightness appears to exist between indivi-
varies between 0.10 N and 12.43 N.duals; it 9 Therefore, tightness of the proximal contact
pplication of a restorative technique can only be evaluated when the contact tight-after a
is compared both before and after treatment. In terms of ness in vitro studies, a manikin
del can be used to simulate clinical situations. Moreover, when restorations are mademo
in identically shaped teeth in a such a model, standardization of conditions is possible,
allowing for the comparison of contact tightness of restorations after placement. 
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Peumans et al.8 standardized metal blades were inserted interdentally, and the size of 
the thickest blade, which passed the contact area, was recorded. Another method is 
se a special device (Tooth Pressure Meter) originally designed by Dörfer to u et al.10
e measures the force needed to remove a 0.05mm metal strip from the This devic
act, and has been used in someproximal cont in vivo studies.9,10,11
udy was to investigate the proximal contact tightness of posterior resinThe aim of this st
tions placed with circumferential and sectional matrix systems in ancomposite restora
in vitro the Tooth Pressure Meter. The hypothesis (Hmodel using 0 ) that was tested was
oximal contact tightness of all used matrix systems was equal.that the obtained pr
Materials and methods
rder to standardize the restorative procedure and to simulate clinical situations, In o
a manikin model (KaVo Dental, Biberach, Germany) was used. For the experiments, 
ar and fi rst molar in the lower jaw was selected. te between second premolthe contact si
eparation was ground with diamond burs in ifi cial fi rst molar (KaVo) an MO-prIn the art
ulate a clinical representative situation that high-speed hand piece. In order to sima 
ration, the extensions of the proximal box replaced a moderate sized amalgam resto
 in the occlusal-gingival and 1.3 mm in the were 5.0 mm in the bucco-lingual, 6.0 mm
was 4.5 mm in buccal-lingual width, 2.5 mm mesial-distal direction. The occlusal step 
deep and 6.0 mm in mesial-distal width. This preparation was considered as a master 
model. Using a copy-milling machine (Celay, Mikrona Technologie AG, Spreitenbach, 
Switzerland) this model was then duplicated, resulting in 160 identical preparations in 
artifi cial fi rst molars (KaVo). The prepared teeth were placed in the manikin model 
(KaVo) and apically equipped with a stem-like anchoring system, which allowed some 
mobility of the tooth to simulate the normal physio-
logical tooth mobility. In order to prevent wear of 
the distal surface of tooth #35 during the restora-
tive procedures and proximal contact tightness 
measurements, this tooth was duplicated by cas-
ting it in a wear-resistant chromium-cobalt alloy. In 
fi gure 1 the in vitro set-up is shown.
Table 1 summarizes the product profi les and 
batch numbers of the materials used in this study 
and table 2 shows the eight different groups of 
the study. In all groups, consisting of 20 teeth, the 
matrices were secured interdentally with wooden 
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wedges (KerrHawe) and before application of the adhesive procedure, the contact 
area was burnished with a hand-instrument (PFI 49, Weybridge, UK) so that no 
visual space was left between matrix and adjacent tooth.
All cavities were restored by a single operator, using an adhesive and a hybrid compo-
site (Clearfi l Photo Bond and Clearfi l AP-X; Kuraray Medical, Tokyo, Japan). The adhe-
sive system was mixed and placed on the tooth surface and cured for 10 seconds with 
a halogen polymerization unit (PolyLux II, KaVo, light intensity 600 mW/cm2). Subse-
quently, the composite resin was injected from the compule into the cavity in two ho-
rizontal increments. Each layer was cured for 20 seconds from the occlusal surface. 
After removing the matrix, the restorations were post-cured for 20 seconds from the 
buccal and the lingual sides. The restorations were not fi nished or adjusted in order to 
prevent changes of the proximal surface. To measure the proximal contact tightness, 
the manikin model was mounted in a special device (Testor, Otto Wolpert-Werke, Lud-
wigshafen, Germany) that allowed for a standardized measurement of all proximal 
contact areas as shown in fi gures 2 - 4.
contact tightness was measured using the Tooth Pressure Meter. This device Proximal 
.05 mm thick metal strip, that is inserted interdentally from the occlusal direc-uses a 0
e tightness of the proximal contact is quantifi ed as the maximum frictional force tion. Th
en the strip is slowly removed in occlusal (vertical) direction. The fi nal result for a [N] wh
suring site was the mean value of fi ve consecutive measuring procedures. Each mea
ocedure included removal and repositioning of the tooth in the manikin model, fol-pr
lowed by three consecutive contact tightness measurements with the Tooth Pressure 
Meter.
Figure 1: MO-preparation in artificial molar #36 placed in 
manikin model. A metal-cast of tooth #35 prevents inter-
proximal damage during the restorative as well as the 
measuring procedure.
Figures 2-4: Proximal contact tightness measurements using the Tooth Pressure 
Meter by a standardized vertical removal of the strip from the interdental area.
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Sometimes a measurement failed, for example, due to deformations in the strip or 
non-parallel removal of the strip from the interdental area, which resulted in an out-
come exceeding the maximum (pre-set) range among the three measurements of 0.5 
his measurement was then excluded from the analysis, and this led to a repetition N. T
asurement. Custom-written software in Excel (MS Offi ce 2000, Windows) of the me
data acquisition and to construct diagrams that relate force (N) to was used for 
seconds re technical information: Appendix I).(for mo
Materials used in the study
 Manufacturer Batch number
Toffl emire retainer Produits Dentaire SA, Vevey, Switzerland -
Composi-Tight Gold (AU400) Garrison Dental Solutions, Spring Lake, USA 18884370032
Contact Matrix (Outward rings) Danville Materials, San Ramon, CA, USA 89507
Palodent matrix System (BiTine Round Rings type I) Dentsply Caulk, Milford, DE, USA 030909
Standard fl at Toffl emire Matrix (X-thin: 0.035mm) Produits Dentaire SA, Vevey, Switzerland -
Hawe Contoured Toffl emire-bands (1001-c: 0.05mm) KerrHawe SA, Bioggio, Switzerland 0090041050505
Contact Matrix (Thin Flex: 0.04mm) Danville Materials, San Ramon, CA, USA 89434
Palodent Matrix system (Standard Matrices: 0.04mm) Dentsply Caulk, Milford, DE, USA 559110
Clearfi l Photo Bond Catalyst & Universal Kuraray Medical, Tokyo, Japan 41164
Clearfi l AP-X (PLT A3) Kuraray Medical, Tokyo, Japan 0016A
Table 1: Materials used, manufacturers and batch numbers.
Data were statistically analyzed using SPSS 12. To fi nd differences in proximal contact 
tightness between groups ANOVA was used. If the p-value was <5%, Tukey tests were 
used to form sets of homogeneous subgroups within the groups tested. 
Experimental groups in the study
 Matrix system Materials Separation obtained by
Group 1 Toffl emire + circumferential fl at matrix No.1 X-thin matrix (Produits D.) Hand-instrument (PFI 49)
Group 2 Toffl emire + circumferential  1001-c matrix (Hawe Neos) Hand-instrument (PFI 49)
 pre-contoured matrix
Group 3 Flexible sectional matrix Thin Flex matrix (Danville Mat.)* Separation ring (Composi-Tight Gold)
Group 4 Dead-soft sectional matrix Standard matrix (Dentsply) Separation ring (Composi-Tight Gold)
Group 5 Flexible sectional matrix Thin Flex matrix (Danville Mat.)* Separation ring (Contact Matrix System)
Group 6 Dead-soft sectional matrix Standard matrix (Dentsply) Separation ring (Contact Matrix System)
Group 7 Flexible sectional matrix Thin Flex matrix (Danville Mat.)* Separation ring (Palodent BiTine) 
Group 8 Dead-soft sectional matrix Standard matrix (Dentsply) Separation ring (Palodent BiTine)
Table 2: The eight different groups used in the study.
*:  The manufacturer Danville Materials has changed names of the matrices. Contemporary names for the flexible 
matrix is ‘Stiff Flex’ and for the dead soft matrix ‘Lite Flex’.
Results
In table 3 the mean proximal contact tightness of all groups is shown. The use of sec-
tional matrices combined with separation rings in groups 3-8 resulted in statistically 
signifi cantly tighter proximal contacts than when circumferential systems were used in
combination with pressure of a hand-instrument in groups 1 and 2 (for all comparisons:
p<0.001). No statistically signifi cant differences were found in contact tightness between
the pre-contoured and fl at circumferential matrices in groups 1 and 2 (p=0.983).
To analyze the effect of the different material characteristics of the sectional matrices,
the obtained proximal contact tightness of the fl exible and dead-soft matrices were
compared independent of the applied separation ring as can be seen in table 4.
The fl exible sectional matrices produced statistically signifi cantly tighter proximal con-
tacts (7.83±0.22 N) compared to dead-soft matrices (6.29±0.30 N) (p<0.001). 
For groups where a separation ring was applied, the effects of the rings, independent 
of the selected sectional matrix, were compared (table 4). The Composi-Tight Gold 
separation ring resulted in statistically signifi cantly tighter mean proximal contacts 
(7.99±0.32 N) than the Contact Matrix ring (6.34±0.30 N) or Palodent BiTine ring 
(6.84±0.37 N) (p=0.039 resp. p=0.002). No statistically signifi cant difference was 
found between the Contact Matrix ring and Palodent BiTine ring (p=0.525).
 n Tightness [N] sem [N] 95% CI [N]
Circumferential matrix systems
Group 1 Flat no. 1 X-thin matrix with hand-instrument 20 2.89 a 0.25 [2.38 ... 3.41]
Group 2 Pre-contoured 1001-c matrix with hand-instrument 20 3.42 a 0.30 [2.79 ... 4.01]
Sectional matrix systems
Group 3 Composi-Tight Gold + Flexible sectional matrix 20 8.86 d 0.45 [7.91 ... 9.81]
Group 4 Composi-Tight Gold + Dead-soft sectional matrix 20 7.13 bc 0.36 [6.38 ... 7.88]
Group 5 Contact Matrix System + Flexible sectional matrix 20 6.60 bc 0.15 [6.29 ... 6.92]
Group 6 Contact Matrix System + Dead-soft sectional matrix 20 6.07 b 0.58 [4.86 ... 7.28]
Group 7 Palodent BiTine + Flexible sectional matrix 20 8.02 cd 0.31 [7.37 ... 8.67]
Group 8 Palodent BiTine + Dead-soft sectional matrix 20 5.67 b 0.56 [4.49 ... 6.84]
Table 3: Proximal contact tightness together with the standard error of the mean (sem) and the 95% Confi dence Interval 
(95% CI) of all eight groups. Identical characters (a,b,c, etc) indicate that no statistically signifi cant differences were found 
between matrices or separation rings (ANOVA, p<0.05).
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The total proximal thickness of the matrix when using a circumferential system (mesial 
and distal) is 0.07 or 0.10 mm, while the thickness of the sectional matrix systems is 
0.04 mm. The thickness of the matrix has to be compensated for by pressure of a 
hand-instrument during polymerization of the resin composite. In case of an MOD-
preparation, differences between circumferential and two sectional matrices will dis-
appear. To overcome the problem of this extra thickness of the matrix when using a 
sectional matrix system, it would be possible to restore the mesial and distal side of 
the preparation separately from one another. Another explanation for the differences 
found in proximal contact tightness between circumferential and sectional matrices is 
the application of the separation ring. Traditionally, it is recommended to apply wedges 
even before starting the preparation.7 But in the clinical trial and in the in vitro study, the 
separating effect of the wedge could not be proven; whereas, the groups using sepa-
ration rings produced the tightest proximal contacts.9 This implies that it is 
probably advantageous to also combine separation rings with the circumferential 
matrix systems. This will be investigated in a future study.
Statistically signifi cantly tighter proximal contacts were found when fl exible matrices 
were used instead of dead-soft matrices. Both matrices consist of stainless steel, but 
the fl exible matrix is resilient and stiffer, while the dead-soft matrix deforms easily. After 
insertion of the matrix and placement of the separation ring, the fl exible matrix may 
better preserve the pre-contoured proximal form resulting in a tighter proximal contact. 
When the dead-soft matrix was used, sometimes a negative-contour of the proximal 
area was observed due to matrix deformation.
Clinically, it was found that sectional matrices, in combination with Palodent BiTine or 
Contact Matrix System separation rings, resulted in an increase in the mean proximal 
ntact tightness compared to the situation before treatment.co 9 In this study, it was 
d that, with use of the Composi-Tight Gold ring, the proximal contacts were foun
cally signifi cant tighter than for the other two rings, while no signifi cant diffe-statisti
were found between the Palodent BiTine ring and the Contact Matrix System. rences 
sults are in accordance with the clinical results.These re 9 Therefore, in a clinical situa-
Composi-Tight Gold ring might result in an even tighter proximal contact tion, the 
d to the other two rings. However, which proximal contact tightness is the compare
vorable is still unknown. In an ongoing clinical study, the clinical implications of most fa
ons in contact tightness over time after treatment are monitored. Based on this alterati
y, all separation rings are able to create tight proximal contacts and may help stud
ntists solve the problem of creating an adequate proximal contact.de
  n Tightness [N] SEM [N] 95% CI [N]
Effect of ring independent of used sectional matrix
Contact Matrix System (Danville Materials) 40 6.34 a 0.30 [5.73 ... 6.94]
Palodent BiTine (Dentsply) 40 6.84 a 0.37 [6.10 ... 7.59]
Composi-Tight Gold (Garrison Dental Solutions) 40 7.99 b 0.32 [7.35 ... 8.64]
Effect of matrix independent of used ring
Dead-soft matrix 60 6.29 c 0.30 [5.69 ... 6.89]
Flexible matrix 60 7.83 d 0.22 [7.38 ... 8.27]
Table 4: Proximal contact tightness together with the Standard Error of the Mean (SEM) and the 95% Confi dence Interval 
(95% CI) is presented independent from used matrix respectively independent from used separation ring. Identical 
characters (a,b,c, etc) indicate that no statistically signifi cant differences were found between matrices or separation 
rings (ANOVA, p<0.05).
Discussion
nd techniques were used to create proximal different matrix systems aIn this study, 
storations. The hypothesis tested was that for posterior resin composite recontacts 
ts was equal for all groups. As statistically e tightness of obtained proximal contacth
othesis (Hsignifi cant differences were found, this hyp 0 ) has to be rejected.
In this study, a new in vitro gned to measure proximal contact tightness model was desi
n order to establish the validity of this model, of Class II resin composite restorations. I
the same techniques as applied in a randomized clinical trial by Loomans et al.9 were 
used in groups 2, 5 and 8. As mentioned in the introduction, in the clinical trial, a 
quantitative analysis of proximal contact tightness demanded the measurement of 
differences between proximal contact tightness before and after treatment. In the in 
vitro model presented in this study, only contact tightness after treatment could be 
measured, as a strict standardized study set-up was followed. In both the in vivo and 
in vitro studies, it was found that there were statistically signifi cant differences between 
the circumferential system and the two sectional matrix systems. Furthermore, in both 
studies, no statistically signifi cant differences were found in proximal contact tightness 
between both sectional matrix systems. Therefore, the authors conclude that the 
results of both studies strongly suggest that the in vitro model of the present study is 
representative for the clinical situation.
The use of circumferential matrices resulted in statistically signifi cant looser proximal
contacts as compared to the use of sectional matrices with separation rings. This might
be explained by the thickness of the matrix when placing a two-surface restoration.
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o Conclusions 
Based on the results of this in vitro study:
1.  When placing Class II resin composite restorations, the use of sectional matrix 
ystems and separation rings result in tighter proximal contacts than when traditio-s
umferential matrix systems are applied.nal circ
2.  This new n vitroi  model, which uses the Tooth Pressure Meter to simulate clinical 
en restoring Class II resin composite restorations, seems to produce conditions wh
y representative results.reliable, clinicall
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Abstract
To investigate the infl uence of composite resin consistency and placement techni-
que on proximal contact tightness of Class II composite resin restorations. A manikin 
del (KaVo Dental) was used with an artifi cial fi rst molar in which a standardized mo
aration was ground. This preparation was duplicated 360 times. Cavities MO-prep
using Clearfi l Photo Bond (Kuraray) combined with one of three com-were restored 
different consistencies: a low-viscosity (X-Flow, Dentsply), a medium-posite resins of 
AP-X, Kuraray) and a high-viscosity composite (Tetric Ceram HB, viscosity (Clearfi l 
ach composite was combined with six different matrix systems Ivoclar Vivadent). E
niques (n=20). Groups 1&2: pre-contoured metal circumferential and separation tech
01-c) in a Toffl emire retainer combined either with hand-instrument matrix (KerrHawe 11
tact, Ivoclar Vivadent) or separation ring (Composi-Tight Gold, Garrison (OptraCon
tal Solutions). Group 3: pre-contoured metal sectional matrix (Lite-Flex, Danville Den
Materials) with separation ring. Groups 4&5: pre-contoured metal circumferential dead-
e) with or without separation ring. Group 6: Adapt SuperCap, KerrHawsoft matrix (
atrix, Ivoclar Vivadent) in a Toffl emire-retai-l circumferential matrix (OptraMfl at meta
Proximal contact tightness was measured er with hand-instrument (OptraContact). n
f Technology Delft). To determine the effect using the Tooth Pressure Meter (University o
contact tightness a multiple linear regres-of experimental variables on the proximal 
ents in group 6 were not possible, therefore sion model was constructed. Measurem
this group was excluded. The use of medium- or high-viscosity instead of a low-vis-
cosity composite resin resulted in statistically signifi cantly tighter proximal contacts 
(p<0.01). The use of a separation ring resulted in a statistically signifi cantly large in-
crease (p<0.001), while the use of a hand-instrument resulted in a small, statistically 
signifi cantly increase of contact tightness (p=0.017). No statistically signifi cant differen-
ces were found when a dead-soft matrix or a sectional matrix was used instead of a 
Toffl emire (p=0.159 resp. p=0.261). Use of a separation ring when restoring a Class II 
composite resin restoration has a greater infl uence on the obtained proximal contact 
tightness compared to the infl uence of the consistency of the composite resin. 
Clinical relevance
Separation rings are recommended when placing Class II composite resin restorations.
Introduction
The placement technique of Class II composite resin and amalgam restorations differ 
considerably regarding the reconstruction of the proximal contact. Due to the visco-
elasticity of the composite resin, it is not possible to condense the composite resin into 
the cavity, whereas amalgam can be condensed against the matrix and the adjacent 
tooth surface, which makes it possible to obtain a tight proximal contact. Still, high-
viscosity composite resins, also called packable composites, are often recommended 
to obtain a tight proximal contact.8,12 However, the effectiveness of those materials for 
that purpose is unclear. It was shown in vitro that using circumferential matrix systems 
a high-viscosity composite produced slightly tighter proximal contacts than a medium-
viscosity composite, but these differences were not found when a sectional matrix 
system was used.13 Furthermore, Klein et al.7 found that fl owable composites resulted 
in proximal contacts that were less tight than when a normal hybrid was used. In that 
study, however, amalgam restorations had the tightest proximal contacts.
Apart from the restorative materials, the matrix system and applied interdental separa-
tion technique appear to have a signifi cant infl uence on the tightness of the obtained 
proximal contact. In using an incremental technique to restore the proximal surface, 
additional pressure by a hand-instrument can be applied on the contact area of the 
matrix during polymerization of the fi rst layer of composite resin. This technique resul-
ted in statistically signifi cant tighter proximal contacts compared to a bulk-fi ll technique 
without additional pressure.3,5,6
Another technique to obtain a tight proximal contact is the use of special separation 
rings. In a randomized clinical trial, the use of these rings in combination with sectio-
nal matrices resulted in statistically signifi cant tighter proximal contacts than when a 
cumferential matrix was combined with pressure by a hand-instrument.cir 10 In that 
y, the use of separation rings resulted in signifi cantly tighter proximal contacts after stud
ent compared to the situation before treatment. The results of severaltreatm in vitro
confi rm these fi ndings.studies 11,13 Another possible variable infl uencing proximal con-
ness is the thickness and shape of the matrix system, because after removal tact tight
atrix band a space is left which has to be compensated for. Circumferential of the m
ystems, although advantageous for their easy application, have the problem matrix s
en a two-surface restoration is placed, the band has to pass through the not-that wh
d contact site of the treated tooth. This will result in tooth displacement, which opene
t hamper obtaining a tight proximal contact. As matrix bands vary considerably migh
hickness and form, this might also infl uence the obtained proximal contact tight-in t
ness. Currently, it is not clear whether the positive results of sectional matrix systems 
combined with separation rings are related to the type of matrix or to the separation 
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ns technique. Moreover, it has not yet established whether the consistency of the compo-site resin and the type of matrix system and separation technique are all equal relevant 
factors for obtaining tight proximal contacts.
aim of the present study was to investigateThe  in vitro the infl uence of composite 
sistency, matrix system and placement technique on the proximal contact resin con
lass II composite resin restorations.tightness of C
Materials and methods
procedure and simulate clinical conditions, artifi cial teeth mounted To standardize the 
(KaVo Dental, Biberach, Germany) were employed. Contact sites in a manikin model 
emolar and fi rst molar in the mandible were used. In the artifi cial between second pr
(KaVo Dental), a standardized MO preparation was ground using a diamond fi rst molar 
n a high-speed hand piece. In order to simulate a clinical representative situation, bur i
a cavity for a moderate size amalgam restoration was used. The extensions of the 
ually, 6.0 mm occlusogingivally and 1.3 mm x were 5.0 mm buccolingproximal bo
nded 4.5 mm wide buccolingually, 2.5 mm tally. The occlusal step was extemesiodis
siodistally. This preparation was the master eep occlusopulpally and 6.0 mm long med
y, Mikrona Technologie AG, Spreitenbach, model. Using a copy-milling machine (Cela
ed resulting in 360 identical preparations in Switzerland) this model was then duplicat
h were placed in the manikin model and artifi cial fi rst molars. The prepared teet
apically equipped with a stem-like anchoring system, which allowed some mobility of 
the tooth to simulate physiological tooth mobility. A gold-cast of the second premolar 
was used to prevent wear of the distal surface of this tooth during the restorative
procedures and proximal contact tightness measurements. In fi gure 1 depicts the
in vitro set-up.
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Composite resins of three different consistencies were used: a low-viscosity fl owable
composite (X-Flow, Dentsply), a medium-viscosity syringable composite (Clearfi l AP-X,
Kuraray) and a high-viscosity packable composite (Tetric Ceram HB, Ivoclar Vivadent).
Each composite was combined with six different matrix systems and separation tech-
niques (n=20). Table 1 summarizes the product profi les and batch numbers of the
materials and table 2 shows the six different groups.
Group 1:   A 1101-c matrix (KerrHawe) was placed in a Toffl emire retainer (Produits Den-
taire). During polymerization of the fi rst increment of composite resin a hand-
instrument (OptraContact, Ivoclar Vivadent) was placed on the contact area
to press the matrix against the adjacent tooth.
Group 2:   A 1101-c matrix was placed in a Toffl emire retainer and combined with a 
separation ring (Composi-Tight Gold AU400, Garrison Dental Solutions). 
Group 3:   A Lite-Flex matrix (Danville Materials) was inserted, combined with a sepa-
ration ring.
Group 4:  An Adapt SuperCap matrix (KerrHawe) was placed, and during polyme-
rization, no additional separation technique was employed
Group 5:   An Adapt SuperCap matrix was placed and combined with a separation
ring.
Group 6:   An OptraMatrix (Ivoclar Vivadent) was placed in a Toffl emire retainer, and
during polymerization of the fi rst increment of composite resin, a hand-
instrument was used. 
Materials used in the study
Manufacturer Batch number
Toffl emire retainer Produits Dentaire SA, Vevey, Switzerland -
Hawe Contoured Toffl emire-bands (1101-c) KerrHawe SA, Bioggio, Switzerland 0090041050505
OptraMatrix Ivoclar Vivadent, Schaan, Liechtenstein HL5001
Adapt SuperCap Matrix (nr. 2162) KerrHawe SA, Bioggio, Switzerland 0080041050505
Contact Matrix (Lite-Flex) Danville Materials, San Ramon, CA, USA 89434
Composi-Tight Gold (AU400) Garrison Dental Solutions, Spring Lake, USA 18884370032
OptraContact Contact-point instrument Ivoclar Vivadent, Schaan, Liechtenstein G14484
X-Flow (A3) Dentsply Caulk, Milford, DE, USA 0311001965
Clearfi l AP-X (A3) Kuraray Medical, Osaka Japan 0068A
Tetric Ceram HB (A3) Ivoclar Vivadent, Schaan, Liechtenstein G00102
Clearfi l Photo Bond  Kuraray Medical, Osaka Japan 41164
Table 1: Tested materials, manufacturers and batch numbers.
Figure 1: MO-preparation in artificial molar #36 placed 
in manikin model. A metal-cast of tooth #35 prevents 
interproximal damage during the restorative as well as 
the measuring procedure.
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Proximal contact tightness was measured using the Tooth Pressure Meter, a device 
constructed at the University of Technology Delft in the Netherlands.4,11 This device 
uses a 0.05-mm-thick metal strip, which is inserted interdentally from an occlusal 
direction. The tightness of the proximal contact is quantifi ed as the maximum fric-
tional force [N] when the strip is removed in occlusal (vertical) direction. To obtain a 
standardized measurement of all proximal contact areas, the manikin model and the 
Tooth Pressure Meter were mounted in a special device (Testor, Otto Wolpert-Werke, 
Ludwigshafen, Germany) allowing a standardized insertion and removal of the metal 
strip as shown in fi gures 2 and 3. To minimize variations in proximal contact mea-
surements due to repositioning of the tooth in the manikin model, a special protocol 
for proximal contact measurements was applied. The fi nal result for a measuring site 
was the mean value of fi ve consecutive measuring procedures. Each procedure inclu-
ded the removal and repositioning of the tooth in the manikin model followed by three 
consecutive contact measurements using the Tooth Pressure Meter. A measurement 
failed when the outcome exceeded the maximum (pre-set) range of 0.5 N between 
the three measurements, e.g. due to deformations of the strip or a nonparallel removal 
of the strip from the interdental area. This measurement was then excluded from the 
analysis and repeated. Custom-written software in Excel (MS Offi ce 2000, Windows) 
was used for data acquisition and for construction of diagrams, relating force to 
seconds (for more technical information: Appendix I).
Data were statistically analyzed using SPSS 12. To determine the effect of experimen-
tal variables on the proximal contact tightness, a multiple linear regression model was 
constructed. In this model, the experimental conditions (type of composite resin con-
sistency, type of separation, type of matrix) and the interactions between composite 
th separation and composite with matrix were included.wi
Results
e of the OptraMatrix (group 6) presented large problems in this The us in vitro setting. 
he very fragile characteristic of this circumferential matrix, it deformed very Due to t
ring insertion so that proper placement was impossible. Moreover, in those easily du
here the matrix was successfully inserted, it did not adapt to the buccal and cases w
outline of the preparation, resulting in a negative contour and large amounts of lingual 
ntouring of the restoration at the contact area. Consequently, proximal contact overco
surements using the Tooth Pressure Meter were not possible for this group and mea
refore excluded from the study. Mean proximal contact tightness with the standard the
deviations for all other groups are given in table 3; table 4 presents the multiple linear 
regression model.  
The six different groups of the study
 Matrix system (thickness) Retainer Metal characteristic Matrix shape Separation obtained by
Group 1 1101-c matrix (0.035 mm) Toffl emire Flexible circumferential   Pre-contoured Hand-instrument
     (OptraContact) 
Group 2 1101-c matrix  (0.035 mm) Toffl emire Flexible circumferential   Pre-contoured Separation ring 
     (Composi-Tight Gold)
Group 3 Lite-Flex matrix  (0.04 mm) None Flexible sectional Pre-contoured Separation ring 
     (Composi-Tight Gold)
Group 4 Adapt SuperCap (0.03 mm) None Dead-soft circumferential Pre-contoured None
Group 5 Adapt SuperCap (0.03 mm) None Dead-soft circumferential Pre-contoured Separation ring 
     (Composi-Tight Gold)
Group 6 OptraMatrix (0.001 mm) Toffl emire Flexible circumferential   Flat Hand-instrument
     (OptraContact) 
Table 2: The six different groups used in the study.
n all groups, the matrices were secured interdentally with wooden wedges (KerrHawe) I
he adhesive procedure, the contact area was  the buccal side. Before tinserted from
9, Weybridge, UK) so that no visual space d with a hand-instrument (PFI 4burnishe
. All cavities were restored by one operator as left between matrix and adjacent toothw
raray) was mixed and placed on the tooth (EV). An adhesive (Clearfi l Photo Bond, Ku
alogen polymerization unit (PolyLux II, KaVo, surface and cured for 10 seconds with a h
light intensity 600 mW/cm2 y, the composite resin was injected from the ). Subsequentl
compule into the cavity in two horizontal increments, and each layer was cured for 
20 seconds from the occlusal surface. After removal of the matrix, restorations were 
post-cured for 20 seconds 
from both the buccal and 
lingual side. Restorations 
were not fi nished or adjus-
ted in order to prevent 
changes of the proximal 
surface.
Figures 2 and 3: Proximal contact tightness measurements using the 
Tooth Pressure Meter by a standardized vertical removal of the thin metal 
strip from the interdental area.
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Low-viscosity  Medium-viscosity  High-viscosity 
  Flowable Syringable Packable
Group 1 Circumferential fl exible 1101-c matrix + hand-instrument 5.20 (0.93) 6.73 (1.92) 6.80 (1.85)
Group 2 Circumferential fl exible 1101-c matrix + separation ring 7.12 (1.93) 9.39 (2.08) 11.07 (1.52)
Group 3 Sectional fl exible matrix + separation ring 7.17 (1.19) 8.18 (1.19) 10.45 (1.74)
Group 4 Circumferential SuperCap dead-soft matrix  3.98 (1.56) 4.48 (1.00) 5.78 (1.02)
Group 5 Circumferential SuperCap dead-soft matrix + separation ring 5.67 (1.79) 10.90 (2.09) 9.70 (2.12)
Table 3: The recorded proximal contact tightness [N] together with the standard deviations of all groups (n=20 per group).
se of a ‘Toffl emire’ with a ‘low-viscosity composite’ and ‘no sepa-In this model, the u
d as the reference group. To predict the infl uence of other inde-ration’ was regarde
ariables, such as use of a separation ring or use of another composite resin pendent v
sistency on the obtained proximal contact tightness, several combinations can be con
made by adding the impact factors (Beta’s) of these variables. The adjusted R2 of the 
odel was 0.622.regression m
nstead of a low-viscosity composite resin of medium- or high-viscosity iThe use 
proximal contacts (for both combinations: sulted in statistically signifi cantly tighter re
n ring resulted in a large statistically signi-p<0.01). The additional use of a separatio
0.001), while the additional use of a hand-fi cantly increase of contact tightness (p<
ally signifi cantly increase of contact tightness instrument resulted in a small but statistic
(p=0.017). No statistically signifi cant differences were found when a dead-soft matrix 
or a sectional matrix was used instead of a Toffl emire (p=0.159 resp. p=0.261). 
Moreover, interaction between the use of a medium-viscosity composite and sepa-
ration ring (p<0.001) as well as interaction between high-viscosity composites and 
separation ring (p<0.001) appeared to statistically signifi cant increase the proximal 
contact tightness.
Multiple linear regression model
Dependent variable
Proximal contact tightness [N]
Independent variables 95% CI for Beta
Beta Sign. Lower bound Upper bound
(Constant) 4.279 0.000 3.412 5.146
Medium-viscosity composite 1.014 0.008 0.263 1.765
High-viscosity composite 1.702 0.000 0.951 2.452
Separation ring 2.337 0.000 1.471 3.204
Hand-instrument 1.060 0.017 0.193 1.927
Dead-soft matrix -0.439 0.159 -1.052 0.174
Sectional matrix 0.555 0.261 -0.414 1.524
Medium-viscosity * separation ring 2.731 0.000 1.669 3.792
High-viscosity * separation ring 2.289 0.000 1.227 3.350
Medium-viscosity * sectional -2.736 0.000 -4.036 -1.436
High-viscosity * sectional -0.714 0.281 -2.014 0.586
Model fi t
Adjusted R2 = 0.622
Table 4: The multiple linear regression model. In this model ‘Toffl emire’ with a ‘low-viscosity’ 
and ‘no separation’ were regarded as the reference group.
Discussion
In this study, an in vitro model was used to compare proximal contact tightness of 
Class II composite resin restorations using matrix systems, separation techniques, 
and different consistencies of composite resins. In a previous study, this setup has 
en shown to produce clinical representative results.be 11 Moreover, the high value of 
adjusted Rthe 2 (0.622) from the multiple linear regression model used in the present 
ndicates that the proximal contact tightness can well be predicted by the expe-study i
variables. Therefore, it can be assumed that results obtained from the present rimental 
ve clinical relevance. These results show that contact tightness is dependent study ha
he consistency of the restorative material and the applied restorative techni-on both t
e use of a separation ring combined with a sectional or circumferential matrix que. Th
in statistically signifi cant tighter proximal contacts compared to the groups resulted 
no separation rings were used, independent of the composite resin material.where 
ences in thickness or in material characteristics of the matrices appear to have noDiffer
nifi cant effect on the obtained tightness of the proximal contact when a separationsig
ring is used. From these results, it is obvious that the effect of the separation ring on the
obtained tightness is more relevant and is overrides other factors, if they exist at all.
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tightness over time after treatment are monitored.
OptraContact hand-instrument (Ivoclar Vivadent) has been recently developed The 
laimed that due to its confi guration at the tip, the use of this device would and it is c
uate proximal contacts when placing Class II composite resin restorations result in adeq
strument has to be pushed towards the adjacent tooth surface during (fi gure 4). This in
the fi rst layer of composite resin in order to obtain a tight proxi-polymerization of 
this study, it can be concluded that the use of the OptraContact-mal contact. From 
d with a circumferential fl exible matrix produces a tighter proximal instrument combine
 the group where no additional separation force by hand-instrument contact compared to
on ring is applied (group 4). or separati
However, the contacts were statistically signifi cant less tight when compared to the 
groups where a separation ring was applied. Similar results have been found in other 
studies.3,10
It was not possible to use the OptraMatrix (Ivoclar Vivadent) in this in vitro model, as 
the tightness of the proximal contact could not be measured after placing the resto-
ration. The OptraMatrix consists of a selectively thinned contact area at the treatment 
site to ensure that only a thin layer of foil separates the adjacent teeth during resto-
rative treatment (fi gure 4). At the contact of the intact untreated site, a window has 
been milled in the matrix in order to have no matrix material at the proximal contact, 
which might interfere with the reconstruction of the proximal contact. Unfortunately, 
this window makes the matrix very fragile, which seriously hampers the insertion of 
the band at the unopened contact site. Furthermore, after tightening the Toffl emire 
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retainer, the OptraMatrix did not adapt to the outline of the preparation, resulting in 
a negative contour and gross overhang at buccal and lingual side of the restoration. 
It may be possible to apply the OptraMatrix in other situations, but the authors 
consider the system unsuitable for routine use in dental practice. 
The use of a low-viscosity fl owable composite resin, independent of the matrix system 
employed, resulted in statistically signifi cant less tight proximal contacts to compa-
red the medium- or high-viscosity composite resins. This is in accordance with the 
study of Klein et al.7. Flowable composites have a lower fi ller content to obtain a low-
viscosity consistency and to increase fl ow. As a result, the increased resin volume will 
result in a higher polymerization shrinkage.1,2,9 The amount of volumetric shrinkage 
of the used fl owable composite is 5.0% and approximately twice as high compared 
to other composites used in this study (AP-X: 1.9% and Tetric Ceram HB: 2.5%).9,14 
This increased polymerization shrinkage is most likely the reason for the less tight 
contacts found in this study. Nevertheless, the clinical relevance might be limited when 
separation rings are used, as their effect on the obtained proximal contact tightness 
is almost twice as strong.
In a clinical study, it was found that sectional matrices combined with separation rings 
(as in group 2) resulted in an increase in the mean proximal contact tightness and that 
the use of a circumferential matrix with hand-instrument (as in group 1) resulted in a 
decrease of proximal contact tightness compared to the situation before treatment.10
In the present study, the use of circumferential matrices combined with separation 
rings (groups 3 and 5) produced tight proximal contacts, which were similar to the 
sectional matrix system with a separation ring (group 2). Therefore, it can be assumed 
that using circumferential matrix systems combined with separation rings will also lead 
adequate contacts in the clinical situation. to 
Figure 4: The OptraContact hand-instrument and 
the OptraMatrix placed in a Tofflemire retainer 
consisting of a selectively thinned contact area at 
the treatment site and a open window at the 
intact untreated site
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Abstract
Objective: The aim of this study was to investigate changes in proximal contact tight-
ness up to six months after the restorative treatment. 
erials and methods: In a randomized clinical trial Class II composite resin restora-Mat
e placed in 52 patients. Proximal contact tightness was measured before, tions wer
and six months after treatment. These data were analyzed statistically directly after, 
ession and t-tests.using linear regr
contacts that increased in tightness as result of the treatment tend Results: Proximal 
fter a six-months period but remain tighter than before treatment. to loose tightness a
hat decreased after treatment hardly change after six months.Proximal contacts t
nge in contact tightness after restorative treatment will not always Conclusions: A cha
le over time. remain stab
Introduction
A good proximal contact is important for a well functioning dentition. When a proximal 
contact is too loose this may lead to food-impaction, tooth migration, periodontal 
complications and carious lesions.1,2,3 When the contact is too tight this may result in 
tooth migration or trauma of the periodontal tissues when excessive force has to be 
used to pass dental fl oss through the proximal contact.4,5 Clinically, a large variation 
in proximal contact tightness exists in individuals as well as between individuals.6
Moreover, the reconstruction of the proximal area always results in a change in the 
proximal contact.6 Clinical data on the long-term behaviour of restored proximal 
contacts is limited to one study, where dental fl oss was used to evaluate proximal 
contact tightness and no alterations in tightness were found in an 18-months period.7
Apparently, it is diffi cult to quantify an adequate and optimal proximal contact tightness.
Apart from the placement of a restoration or extractions another factor has been descri-
bed that may infl uence proximal contact tightness. Mesial drift of teeth as a result of 
the so called anterior component of force might lead to a recovery of contact tightness 
at sites where the proximal contact is lost during a restorative procedure.8 Mesial drift 
is assumed to occur as a result of progressive tooth eruption (e.g. third molars) or by 
re-directed pressure due to mastication in mesially inclined teeth.9,10 The general 
opinion still is that a stable intercuspal relation impedes the mesial drift of teeth 
signifi cantly.10,11
Proximal contact tightness can be measured according to the USPHS-criteria (United 
States Public Health System) in which dental fl oss is used to evaluate contact tight-
ness by recording the ease of dental fl oss passing interdentally.12
Another method to determine contact tightness is to use standardized metal blades or 
ips of shim stock of various thicknesses. The thickness at which the interdental str
mal area initially prevented passage was recorded.proxi 13,14 A more accurate method 
ntify the proximal contact tightness is to insert a thin metal strip interdentally and to qua
t out in a horizontal direction with a tension recorder. The frictional force that to pull i
withdrawal is related to the tightness of the proximal contact.resists 15,16,17 Dörfer 
et al.18 onstructed a device, which was based on the removal of a metal strip in a  c
direction. A modifi ed, more sophisticated version of this instrument -Tooth vertical 
e Meter- was used in a clinical trial to investigate tightness of proximal contacts Pressur
ss II composite resin restorations and enables an accurate quantitative mea-of Cla
ment of differences in proximal contact tightness due to a restorative procedure.sure 6
e aim of this study was to investigate changes in proximal contact tightness up to Th
six months after the restorative treatment. 
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ss Materials and methodsIn total 52 patients (17 males/35 females, 21-66 years) who participated in a randomi-
zed clinical trial on the reconstruction of Class II composite resin restorations were in-
ed in this study.clud 6 In that study informed consent was obtained and all patients 
e following inclusion criteria: good general health, minimum age of 18 and fulfi lled th
occluding teeth. Exclusion criteria were diastema between posterior fully erupted 
of fi xed partial dentures, severe periodontal diseases and tooth mobi-teeth, presence 
bility-score 1. After fi nishing the preparation, in which the proximal lity more than mo
djacent teeth were totally cleared, teeth were randomly assigned to contacts with the a
mental matrix systems (Toffl emire retainer (Produits Dentaire), Palo-one of three experi
(Dentsply Caulk) or Contact Matrix System (Danville Materials)). dent Matrix System 
ere restored using a three-step adhesive system (Clearfi l SA Primer, Clearfi l Cavities w
to Bond) or a two-step self-etching system (Clearfi l SE Bond) and a highly fi lled Pho
hybrid composite (Clearfi l AP-X (A3), Kuraray Co., Osaka, Japan). Differences in proxi-
ightness before (Tmal contact t 0 irectly after treatment (T) and d 1 ) were compared. In 
ly after and six months after restorative tre-compare contact tightness directorder to 
ment (Tat 2 ated to two groups based on the changes ), patients (n=52) were now alloc
reatment (of proximal contact tightness directly after t ∆T1-0=T1-T0 ) (table 1): 
Group A:   ∆T1-0 tighter proximal contact was found directly  >0: Patients for whom a 
increase 2.60±0.45 N).after treatment (n= 28, mean 
Group B: ∆T1-0 ≤ n equal or looser proximal contact directly after 0: Patients with a
mean decrease 2.85±0.60 N).treatment (n= 24, 
Informed consent was obtained and the study design was approved by the Central 
Committee on Research Involving Human Subjects of the Radboud University Nijmegen 
in the Netherlands (CMO-nr: 2001/056). Included in the study were those patients 
from the clinical trial that had no other dental restoration placed during the research 
period of six months. After six months patients visited the practice and were examined 
by the same independent observer that did the pre- and post-operative recordings of 
contact tightness.
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Changes in proximal contact tightness
∆T1-0 at CT n Location T0 (sem) [N] ∆T1-0 (sem) [N] Sign. ∆T1-0 (sem) [N] Sign.
  Mesial (CM ) 1.78 (0.27) 0.82 (0.26) 0.004 -0.81 (0.25) 0.003
Group A ∆T1-0 >0 28 Treatment site (CT ) 1.60 (0.29) 2.60 (0.45) <0.001 -1.37 (0.36) 0.001
  Distal (CD ) 2.35 (0.36) 0.35 (0.15) 0.027 -0.41 (0.22) 0.071
  Mesial (CM ) 2.91 (0.34) -0.22 (0.24) 0.367 -0.53 (0.26) 0.056
Group B ∆T1-0 ≤0 24 Treatment site (CT ) 4.98 (0.66) -2.85 (0.60) <0.001 0.73 (0.30) 0.025
  Distal (CD ) 3.16 (0.47) -0.28 (0.17) 0.111 -0.38 (0.13) 0.008
Table 1: Changes in proximal contact tightness directly after treatment as well as after six months divided for both 
groups at three measuring sites, together with the standard error of the mean (sem) (p<0.05).
First patients were interviewed whether the restored contact site provided inconve-
nience to them regarding interdental food impaction and/or the occurrence of post-
operative sensitivity. Subsequently, proximal contact tightness was measured (T2)
using the Tooth Pressure Meter, constructed at the University of Technology Delft in
the Netherlands.6 This device uses a 0.05 mm thick metal strip inserted interdentally
from the occlusal direction. The tightness of the contact is quantifi ed as the maximum
frictional force [N] needed to remove the strip slowly in occlusal (vertical) direction
(fi gure 1). Custom-written software in Excel (MS Offi ce 2000, Windows) was used for
data acquisition. At each contact site three measurements were taken of which the
mean value was determined as the fi nal result. A measurement was considered as
failed when the outcome exceeded the maximum (pre-set) range between the three
measurements of 0.5 N. In those cases a measurement was redone. The metal strip
is replaced after each measurement session or sooner when deformations of the strip
ere visible, which may hamper the measurements. Six contact sites per subject werew
sured: the treatment site (Cmea T ) as well as the proximal contact sites mesially (CM )
stally (Cand di D ) of the treatment site and the proximal contacts at the same locations
ontra-lateral quadrant, serving as controls (fi gure 2) in the c (for more technical informa-
pendix I).tion: Ap
es in proximal contact tightness before and after treatment were calculatedDifferenc
(∆T1-0=T1-T0 ) as well as differences in contact tightness after treatment and six months
eatment (after tr ∆T2-1=T2-T1 ). To establish the relations between ∆T1-0 and ∆T2-1
r regression analysis was applied. To compare the mean differences of contacta linea
ness a Student’s t-test was used (p <0.05).tight
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Results
ct sites inconveniences after six months. After 52 subjects reported contaNone of the 
tients with an increase of contact tightness hs, for group A, consisting of pasix mont
mean decrease (ue to treatment, a statistical signifi cant d ∆T2-1= -1.37±0.36 N) was 
relation between the obtained increase in found (p=0.001) (table 1). To determine the 
contact tightness directly after treatment (∆T1-0 ) and the observed decrease in contact 
tightness after six months (∆T2-1 slope of the regression line between these), the 
variables was calculated as -0.57 (95% CI [-0.78 ; -0.36]) and was found to be statistical 
signifi cantly different from ‘0’ (p<0.001). The full regression equation for this group is 
given by: ∆T2-1 x= 0.11 + (-0.57 ∆T1-0 ). These results imply that the larger the increase 
of contact tightness directly after treatment, the larger the decrease of contact tight-
ness after six months. However, the mean decrease of contact tightness after six 
months was always less than the mean increase of contact tightness directly after 
treatment as can be seen on the right side of the Y-axis in fi gure 3. 
After six months, for group B, consisting of patients with a decrease of contact tight-
ness due to treatment, a statistical signifi cant mean increase (∆T2-1= 0.73±0.30 N) was 
found (p=0.001) (table 1). To determine the relation between the decrease in contact 
tightness directly after treatment (∆T1-0 ) and increase in contact tightness during the 
six months period (∆T2-1 ), the slope of the regression line was calculated as 0.001 
(95% CI [-0.21 ; 0.22]), which was not statistical signifi cantly different from ‘0’ (p=0.991). 
The full regression equation for this group is given by: ∆T2-1= 0.73 + (0.001 x ∆T1-0 ). 
This implies that this small increase of contact tightness recorded after six months was 
not related to the amount of decrease of contact tightness obtained directly after 
treatment as can be seen on the left side of the Y-axis in fi gure 3. 
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Regarding the measuring sites mesially (CM ) and distally (CD ) of the treatment site it 
can be seen from table 1 that if an increased contact tightness was obtained at the 
atment site (group A) directly after treatment, a statistically signifi cant increase of tre
act tightness at the mesial site of 0.82±0.26 N as well as at the distal site of cont
0.15 N were found (resp. p=0.004 and p=0.027). After six months a decrease in 0.35±
s was recorded at the mesial contact of -0.81±0.25 N and at the distal contact tightnes
±0.22 N, resulting in a proximal contact tightness that was not statistically of -0.41
t different after six months compared to the situation before treatment (me-signifi can
act: p=0.954; distal contact: p=0.678). The teeth in group B show a non sig-sial cont
decrease of contact tightness at both the mesial and distal site directly after nifi cant 
ent and showed a further decrease of contact tightness at the mesial (-0.53±0.26 treatm
d at the distal site (-0.38±0.13 N) after six months. This resulted in statistically N) an
nifi cant looser contacts at the mesial (-0.76±0.19 N) and distal contact (-0.66±0.20 sig
N) after six months as compared to the situation before treatment (resp. p=0.001 and 
p=0.003).
Figures 1 and 2: Clinical procedure of measuring proximal contact tightness using the 
Tooth Pressure Meter and the location of the measuring sites (CM, CT and CD ) in case 
when restoring a DO-preparation in tooth 14.
Figure 3: Relation between differences in proximal contact tightness after six months (∆T2-1 ) 
with differences directly after treatment (∆T1-0 ) together with two regression lines at left and 
at right side of the Y-axis. Dashed diagonal line indicates when a changed proximal contact 
tightness returned to its original value.
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(for all comparisons: p>0.05).
Discussion
study the infl uence of a restorative intervention on the proximal contact In the present 
d after a period of six months. The regularly dental check-ups are was investigate
ut after a period of six months. As new dental treatments could normally carried o
mal contact tightness of interest, the proximal contact tightness was infl uence the proxi
this visit. Moreover, it can be assumed that the most relevant re-measured during 
tightness will occur in the period directly following placement of changes of contact 
on. the restorati
proximal contacts at the contralateral control side showed no signifi cant diffe-The 
ences in tightness after six months, therefore it is likely that the observed differences r
e are related to the restorative treatment. From htness at the treatment sidin contact tig
mal contact tightness is subject to change y it can be concluded that proxithis stud
cal study, where dental fl oss was used to ter restorative treatment. In another cliniaf
ess no differences were found in tightness record changes of proximal contact tightn
after 18 months.7 the present study is most likely due to the  The different outcome of 
mal contact tightness.more accurate method of recording proxi 6
In the present study patients were allocated to two groups, those with proximal con-
tacts that became tighter and those that became looser after treatment. It is shown 
that both groups react differently after six months. Tighter contacts after treatment 
tend to loosen, although they remain signifi cantly tighter than the situation before 
treatment, whereas looser contacts after treatment increase slightly in contact tight-
ness over time. The effect which occurred in the group with the tighter contacts might 
be explained by an ‘adaptation mechanism’ of the periodontal tissues and/or proximal 
wear of either the restorative material or the adjacent tooth surface. The ‘adaptation 
mechanism’ is based on the orthodontic principle of tooth movement in which extra 
tightness applied at the treatment site is spread through the proximal contacts in 
mesial and distal direction over more contact areas resulting in a new balanced situa-
tion. As also the contact tightness at the contacts mesially and distally decreased over 
the six-months period after an increase directly after treatment, it is likely that more 
teeth in the quadrant are involved in this process. Another explanation of this effect 
might be the proximal wear, as it was found that after six months the mean proximal 
wear of a highly fi lled composite was ±50µm, whereas the enamel lost ±5µ.19 They 
also found no differences neither between premolars and molars nor between the 
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restorative materials. Moreover, the proximal wear appeared to decrease over time. 
In the present study the amount of proximal wear could not be recorded, but might 
have played a role. The same composite resin was used for all restorations and there-
fore not a variable of study in the amount of proximal wear. However, restorations with 
a tighter proximal contact after treatment may be more prone to proximal wear than 
when the contact is loose, which might result in a decrease of proximal contact tight-
ness. For restorations with a looser proximal contact it is likely that proximal wear has 
played a minor role in the result, compared to those with tighter contact. If the proximal 
contact at the treatment site became looser, no statistically signifi cant effect at both 
mesial and distal site was recorded directly after treatment. Only after six months a 
statistically signifi cant decrease was found at both sites, possibly due to a ‘collapse’ 
of tooth into the weaker proximal contact area at the treatment site.
Based on the phenomenon of the anterior component of force proximal contacts that 
became looser directly after treatment should become tighter.10,16 The results of this 
study show that this did not happen. However, the relatively short period of evaluation 
and the fact that occlusal forces where not investigated make it not impossible that the 
phenomenon exist.
According to this study no inconveniences were reported when the proximal contact 
tightness was changed. From other clinical studies it is known that absent or too loose 
proximal contacts can lead to food impaction, tooth migration, periodontal compli-
cations and carious lesions 201,21 although many people function clinically well without 
having a tight proximal contact. On the contrary, too tight proximal contacts may 
hamper passing dental fl oss through the contact area, causing inconveniencies and 
periodontal problems.1,4,5
Conclusions
on the results of this study it can be concluded that:Based 
mal contacts of a posterior composite resin restoration, which are tighter than -  Proxi
treatment tends to diminish after a six-months period. before 
al contacts, which are looser than before treatment remains almost unchanged -  Proxim
six-months period. after a 
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General discussion
Introduction
The main objective of this thesis was to focus on a tight proximal contact in placing 
Class II composite resin restorations. Several clinical and laboratory studies have been 
performed to investigate and to compare different techniques and procedures to 
reconstruct the proximal contact when placing Class II composite resin restorations.
This chapter will discuss the main results and will give suggestions for future 
research.
The Tooth Pressure Meter (TPM)
Clinically, proximal contact tightness is frequently recorded using the modifi ed USPHS-
criteria (United States Public Health System)1,2,3 According to these criteria the resis-
tance of passage of dental fl oss through the proximal contact is used to assess con-
tact tightness. Unfortunately, this method is not appropriate to record small changes 
in contact tightness.4
Dörfer et al.5 described a device allowing to defi ne proximal contact tightness quanti-
tatively. Due to the easy handling characteristics of this device it was decided to use 
and modify it for the present study. The design was fi rst adjusted and constructed at 
the Technical University Delft (the Netherlands) in collaboration with the University 
of Nijmegen and Heidelberg (Germany) and was named ‘Tooth Pressure Meter’. 
The Tooth Pressure Meter (TPM) provides good access to proximal contact areas of 
posterior teeth and has shown to be an accurate tool to measure contact tightness 
(for detailed information: Appendix I).
To determine reproducibility of the TPM repeated measurements should be done to 
antify the measurement error. However, the measurement procedure itself does qu
an infl uence on the tightness of the proximal contact and this infl uence will remain have 
ertain period of time. Therefore, the obtained difference between consecutive for a c
ements will overestimate the measurement error. To eliminate this effect of the measur
ment procedure itself, it was decided to analyze the differences between measure
easured at control sites at baseline (Tvalues m 0 ) and after six months (T2 ) (Chapters 3 
As a result of this analysis, a standard deviation of 0.88 N for the difference and 6). 
n two measurements of one contact site was found. This would imply a measu-betwee
error of 0.62 N (0.88 N/rement √2). Thereby, the value of 0.62 N is considered to be an 
estimation of the measurement error, since differences between Tover- 0 and T2 are not 
y due to measurement errors, but also to changed contacttightness within patients onl
over that period.
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n If dental fl oss is used to register proximal contact tightness, a maximum of three 
scores (‘open’, ‘loose’ or ‘tight’) can be obtained.1,2,3 Since the variability of contact 
tightness varies between 0.1 and 12.4 N (Chapter 3), together with the capability of 
TPM to measure differences of about 0.6 N, a more refi ned measurement of the 
ghtness is possible using this device.contact ti
so used in an The TPM was al in vitro model, which was specially developed for this 
and 5). It was shown that the TPM was also capable of producing study (Chapters 4 
cible results in measuring proximal contact tightness in thisreliable and reprodu in vitro 
dentical experimental groups were used in thesetting. Moreover, i in vivo (Chapter 3) 
and in vitro hapter 4). The similar outcome of those two experiments showed study (C
the in vitro model to be representative for the clinical situation.  
Clinical trials
was obvious that clinical trials were needed of this research project it At the onset 
atment on proximal contact tightness. It is gate the effect of restorative treto investi
ommon to fi rst carry out somec in vitro eriments in order to select techniques and  exp
bsence of a clinically representative materials for the clinical trial. However, the a in vitro 
cessary to do a clinical trial fi rst (Chapter 3). model at the start of this project made it ne
Then the in vitro hich then could be used in Chapters 4 and 5.  model was developed, w
In the fi rst clinical trial the obtained interdental separation was studied by comparing 
the effect of the ‘pre-wedging’ technique (considered as the ‘golden standard’) as 
described by Albers6 with the newer separation rings, which had shown to be  in 1985, 
effective in an in vitro study by Peumans et al.7
In Chapter 2 the so often recommended ‘pre-wedging’ technique was shown to have 
little or no effect on proximal contact. These fi ndings were confi rmed in the second 
clinical trial, where the effect on obtained proximal contact tightness was investigated 
by comparing a traditional circumferential matrix system (including ‘pre-wedging’ 
technique) with two new sectional matrix systems combined with separation rings.
The effect of separation obtained with a separation ring is based on equal and opposite 
forces placed on contacting teeth by the tines of the ring. The force vectors have a 
mesial and distal component, which provide separation of the teeth. Moreover, a ring, 
different from a wedge, exerts a continuous pressure on the interdental area, resulting 
in more interdental separation (Chapter 2).
In both clinical trials it was found that a fi rmly placed interdental wedge, in contrast to 
a separation ring, does not cause suffi cient separation of teeth to compensate for the 
thickness of the matrix band and the volumetric shrinkage of the composite resin. 
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This result, might explain why dentists experience problems with creating proximal 
contacts in Class II composite resin restorations.
The in vitro model
The limited number of variables that can be tested in a clinical trial, due to the restricted 
number of participating volunteers, made it necessary to develop a special in vitro
model to comprise all relevant variables infl uencing proximal contact tightness. With this 
new in vitro model it was possible to investigate the effect on proximal contact tight-
ness of different characteristics of matrix systems, the strength of available separation 
rings and the consistency of composite resins.
In this project, proximal contact tightness was measured differently in vivo and in vitro.
In vivo, a large variation of proximal contact tightness appeared to exist between 
individuals. To determine the effect of a treatment in vivo, the change in tightness of 
the proximal contact after application of the restoration was compared with the situa-
tion before treatment (Chapter 3). In vitro a typodont set-up was used to simulate the 
clinical situation. Restorations were made in cavities prepared identically in standar-
dized teeth. This standardization of conditions made it possible to compare directly 
the contact tightness of restorations after placement. The differences between in vitro
and in vivo measurements prevented us from making a direct quantitative comparison 
between those data. In order to investigate whether the model produced clinical repre-
sentative results, the same techniques as applied in the randomized clinical trial 
(Chapter 3), were used in the fi rst in vitro study (Chapter 4). In both studies statisti-
cally signifi cant differences in obtained proximal contact tightness were found between 
the circumferential matrix system and the two sectional matrix systems. Moreover, 
both Chapters no statistically signifi cant differences were found between both sec-in 
l matrix systems. Therefore, it was concluded that thetiona  in vitro model (Chapters 4 
produced clinically representative results.and 5) 
Long-term effect of a changed proximal contact
art of this study it was unclear whether a changed proximal contact, due to a At the st
ve treatment, would regain its original tightness, or that the altered condition restorati
emain stable. There were some indications for both assumptions. By compa-would r
ntact tightness at different moments (at baseline, directly after placement and ring co
six months) it was possible to evaluate changes over time. To determine the long-after 
m behaviour of a changed proximal contact tightness, restorations placed inter
the randomized clinical trial (Chapter 3) were evaluated after six months (Chapter 6). 
It was concluded that after a restorative treatment proximal contact tightness was 
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n subject to change over time. Tighter proximal contacts after treatment tend to loosen, 
although they remain signifi cantly tighter than before treatment. Probably the extra 
tightness applied at the treatment site is spread over the proximal contacts in mesial 
distal direction over time.and 
up with looser proximal contacts after treatment, the small increase of con-In the gro
after six months at the treatment site might be explained by the effect of tact tightness 
posterior component of force.the anterior and 8,9 Those forces will occur simultaneously 
ded and may lead to a recovery of contact tightness at sites where when teeth are loa
ghtness is loosened or even lost after a restorative procedure.proximal contact ti 10-13
r 6 it was found that only 25% of the altered contact tightness at However, in Chapte
as regained after six months. Due to the relatively short period of the treatment site w
 it is unclear what the long-term effect will be of the anterior and posterior evaluation,
ponent of force on a loosened proximal contact. In a study by Richardsoncom 14 it was 
demonstrated that migration of teeth in the extraction site is not a perpetual process 
ccurs already during the fi rst three years post-ime limited event, which obut rather a t
he present study dealt with another situation n. In contrast to these fi ndings, textractio
ed and not lost as in case of tooth extrac-here proximal contacts were only loosenw
vering of loosened contacts will prolong tion. Therefore, it is unclear whether reco
n Chapter 6. Also, it was not possible to further than the six-months period used i
ess on proximal wear. Additional studies on determine the infl uence of contact tightn
those aspects are necessary.
Regarding the contacts mesially and distally of the treatment site a decrease of contact
tightness was found after six months. This is in accordance with the phenomenon of the
anterior and posterior component of force.8 They found that this effect was confi ned to
the fi rst two teeth next to the treatment site and that it was not a ‘chain-reaction’ embra-
cing the whole extraction quadrant crossing the midline and propagating to the contra-
lateral side. The results of our clinical study (Chapter 6) and measurements at the treat-
ment site and control sites at the contra lateral teeth confi rm these fi ndings.
The optimal proximal contact tightness
Within the perspective of this thesis the question arises what the optimal proximal 
contact tightness is in restoring a Class II restoration. From the results it can be con-
cluded that there is no optimal contact tightness in nature, but that there is a certain 
range, which can be considered as ‘normal’ (Chapter 3). Moreover, it was found that 
the intra- as well as the inter-individual variability of proximal contact tightness is large. 
Since the proximal contact tightness is a dynamic entity12,13, it can be assumed that, 
unless the patient recently underwent a dental procedure, an individual equilibrium will 
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be present in the dental arch. Therefore, the pre-operative individual contact tightness 
should be seen as the optimal tightness for a specifi c proximal contact in a specifi c 
patient. 
Dörfer et al.5 found that within a dental arch the tightest proximal contacts were found 
at the contact between second premolar and fi rst molar. These results were confi rmed 
in the present study (Chapters 2 and 3). The weakest proximal contacts were found at 
the contact between canine and the fi rst premolar (1.85±1.40 N) and the tightest 
between the second premolar and fi rst molar (3.37±2.53 N) (table 1).
Proximal contact tightness
Contact between teeth Mean [N[ Standard deviation [N] 95% Confi dence Interval
3-4 1.85a 1.40 [1.58 ... 2.11]
4-5 2.57b 1.91 [2.33 ... 2.80]
5-6 3.37c 2.53 [3.06 ... 3.67]
6-7 2.39ab 1.69 [2.10 ... 2.68]
Table 1: Proximal contact tightness per location (ANOVA, p<0.05).
From clinical experience it is known that patients sometimes complain about food 
impaction due to insuffi cient proximal contact. A proximal contact that is absent or too 
loose can also lead to tooth migration, periodontal complications and carious lesions.15,16
On the other hand, proximal contacts that are too tight seldom lead to complaints by 
patients although  they may hamper the passage of dental fl oss, causing discomfort 
and periodontal problems.17-19 The patients participating in the clinical trial did not report 
any discomfort resulting from their changed proximal contacts. This means that the 
tained proximal contact strengths were biologically acceptable.ob
e tighter proximal contacts after a restorative intervention tend to recover over Sinc
he results of the thesis suggest that a slightly tighter proximal contact after time, t
nt is preferred over a looser contact. The latter will have almost no recovery in treatme
and may lead to complaints by the patient over time.strength 
Suggestions for future research projects 
tioned in the introduction (Chapter 1), the creation of a tight, anatomically cor-As men
roximal contact is one of the main problems related to the placement of poste-rect, p
omposite resin restorations. This thesis focused on the diffi culties of the recon-rior c
uction of the proximal contact tightness. Additional research is needed on other str
aspects of the proximal contact such as the effect of the proximal contour of the res-
toration on the periodontium. Also the effect of the proximal contour on the strength of 
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n the marginal ridge of the restoration is still unclear. 
The proximal contact area is also reconstructed when indirect restorations, such as 
wns, inlays or bridges are placed. In what way placement of those restorations cro
proximal contact tightness with adjacent teeth is still unclear. When indirect affect the 
re placed, occlusion and interdigitation of opposing teeth may be con-restorations a
n when direct restorations are placed. It is interesting to study the trolled more tha
sion and articulation on proximal contact tightness. Solitary dental infl uence of occlu
ooth replacement will infl uence proximal contact, with the absence implants as single t
gament as a possible complicating factor. In all these possible of the periodontal li
e Tooth Pressure Meter can be used as an important measuring research projects th
device.
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General conclusions
•  The Tooth Pressure Meter has proven to be a reliable and reproducible device for 
measuring proximal contact tightness under in vivo and in vitro conditions.
•  The optimal proximal contact tightness cannot be quantifi ed in nature; however, 
there is a certain range, which can be considered as ‘normal’. The pre-operative 
individual contact tightness should be seen as the optimal tightness for a specifi c 
proximal contact in a specifi c patient.
•  Proximal contacts that are tighter after treatment show loosening, whereas looser 
contacts become slightly tighter. When placing Class II composite resin restorations 
it is preferred that the same or a slightly tighter contact tightness is obtained as 
compared to the situation before treatment.
•  In the clinical procedure of a Class II composite resin restoration the use of separa-
tion rings combined with sectional or circumferential matrix bands is recommended. 
Differences in thickness or material characteristics of the matrix bands and the con-
sistency of the composite resin have only a small effect on the obtained tightness of 
the proximal contact. 
•  Traditional techniques such as ‘pre-wedging’ and applying pressure with a hand-
instrument on the matrix band towards the adjacent tooth during polymerization are 
unsuitable to achieve suffi cient interdental separation needed for reconstruction of a 
proximal contact.
e developed•  Th in vitro model is capable of producing clinical representative results 
can be applied in future experiments to test other variables and new techniques and 
controlled and standardized conditions.under 
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Summary
This thesis investigated proximal contacts of posterior composite resin restorations. 
Tightness of the contact was evaluated clinically and in vitro using various techniques 
and materials. In Chapter 1 an overview of the literature is presented regarding direct 
restorative techniques and procedures for Class II composite resin restorations.
In addition, the objectives and outline of the thesis are presented. 
In clinical dentistry several treatments are related to replacement of lost tooth struc-
tures. For this purpose the dentist has the choice between direct and indirect techni-
ques. Direct techniques are effective, relatively simple and cheap, whereas indirect 
techniques are more expensive and time consuming. As a direct material, composite 
resin can be applied in almost every indication. During the past decades, a change-
over from the use of amalgam towards composite resins in posterior teeth has taken 
place. However, problems with the creation of tight, anatomically correct, proximal 
contacts and the occurrence of post-operative sensitivity were frequently encountered 
by general practitioners when placing composite resin restorations in posterior teeth. 
For this study, it was decided to investigate the problem related to the reconstruction 
of the proximal contact when placing Class II composite resin restorations.
The aims of this thesis were:
•  To investigate the effects of separation rings, matrices and various consistencies of 
composite resin on proximal contact tightness in vivo and in vitro.
•  To determine to what degree a restorative treatment affects the proximal contact 
tightness on the long-term in vivo.
•  To develop a clinically representative in vitro model to evaluate the effect of applica-
ion techniques and different procedures for Class II composite resin restorations on t
oximal contact tightness.pr
ct of separation of a special separation ring and a wooden wedge was inves-The effe
clinically intigated Chapter 2. A common technique recommended to achieve tight 
contacts is the ‘pre-wedging’ or ‘multiple wedging’ technique. This technique proximal 
on the insertion of wooden wedges pressed fi rmly into the interdental area, is based 
re kept in place during preparation and the restorative procedure. This would which a
n an interdental separation of teeth. Another technique that has been described result i
prove the tightness of proximal contacts is the use of special separation rings. to im
s separation ring is placed after the insertion of a matrix and is kept in place during Thi
the restorative procedure.
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y In this study the effect of separation is measured using a split-mouth design. Patients 
were randomly assigned into one of two groups. In one group an interdental wooden 
wedge was placed and in the other group a separation ring was placed at the contact 
ween teeth 45-46. Simultaneously, in both groups a wooden wedge combined with bet
on ring was placed on the contact between teeth 35-36. The effect of sepa-a separati
termined by calculating the differences between contact tightness be-ration was de
and contact tightness with the devicesfore application in situ. It was found that the 
 to more interdental separation compared to the effect of a wedge separation ring led
fi cant differences were found between the separation ring alone (p<0.001). No signi
ring combined with a wedge (p=0.77). The results of this study and the separation 
eparation is required for restorative procedures, such as a place-indicate that when s
Class II composite resin restoration, special separation rings may be more ment of a 
ul thusef an wooden wedges.
In Chapter 3 s described and the aim of this study was to a randomized clinical trial i 
ntact tightness, when placing Class II com-te clinical changes in proximal coinvestiga
e of three randomly assigned protocols. osite resin restorations according to onp
with separation rings, were compared to a Two sectional matrix systems, combined 
combined with pressure of a hand-instru-traditional circumferential matrix system, 
ayer of composite resin. It was found that ment during polymerization of the fi rst l
proximal contact tightness varies between 0.1 and 12.4 N, and that the intra- and 
inter-individual variation in contact tightness is very large. The use of sectional matrix 
systems, combined with a special separation ring, resulted in statistically signifi cantly 
tighter proximal contacts (p<0.05), whereas the use of a traditional circumferential 
matrix system combined with pre-wedging resulted in statistically signifi cantly weaker 
contacts (p<0.05). These data suggest that when placing a Class II composite resin 
restoration, the use of a traditional matrix system, combined with pre-wedging and 
pressure by a hand-instrument, does not cause suffi cient separation of teeth to com-
pensate for the thickness of the matrix band and the volumetric shrinkage of the com-
posite resin.
The limited number of variables that can be tested in a clinical trial, due to the restricted 
number of participating patients made it necessary to develop a special in vitro model 
(Chapter 4). With this new in vitro model it was possible to investigate the effect of 
different characteristics of matrix systems, the strength of available separation rings 
and the consistency of composite resins on the proximal contact tightness.
A manikin model was used with an artifi cial fi rst molar in which an MO-preparation was 
Chapter 8  Summary 107
Sum
m
ary
ground using a copy-milling machine, simulating the clinical situation of an amalgam 
replacement. These teeth were divided into 8 groups (n=20). In 2 groups, circumferen-
tial matrix bands (fl at and contoured) in a Toffl emire retainer were applied. In the remai-
ning 6 groups, 3 different separation rings were combined with 2 types of sectional 
matrix bands (dead-soft and fl exible). The use of sectional matrices, combined with 
separation rings, resulted in tighter proximal contacts compared to when circumferen-
tial systems were used (p<0.001). In order to investigate whether the model produced 
clinical representative results, the same techniques, as applied in the randomized 
clinical trial (Chapter 3), were used in this in vitro study (Chapter 4). In both studies 
statistically signifi cant differences in obtained proximal contact tightness were found 
between the circumferential matrix system and the two sectional matrix systems. 
Moreover, no statistically signifi cant differences were found between both sectional 
matrix systems. These results indicate that the new in vitro model produces reliable, 
clinical representative results. 
In Chapter 5 the infl uence of composite resin consistency and placement technique 
on proximal contact tightness of Class II composite resin restorations was investi-
gated. 
Different consistencies of composite resin were used (low-viscosity, medium-viscosity 
and high-viscosity), and each composite was combined with six different matrix 
systems and separation techniques. The same manikin model was used as described 
in Chapter 4. The use of medium- or high-viscosity, instead of a low-viscosity, compo-
site resin resulted in statistically signifi cantly tighter proximal contacts (p<0.01). 
The use of a separation ring resulted in a large statistically signifi cant increase 
<0.001), while the use of a hand-instrument resulted in a small but also statistically (p
fi cant increase of contact tightness (p=0.017). No statistically signifi cant diffe-signi
 were found when a sectional matrix was used instead of a circumferential rences
both combined with a separation ring (p=0.261). From this study it was conclu-matrix 
the use of a separation ring, when restoring a Class II composite resin resto-ded that 
as a greater infl uence on the obtained proximal contact tightness than the ration, h
ncy of the composite resin.consiste
es in proximal contact tightness up to six months after a restorative treatment Chang
clinically investigated and described inwere Chapter 6. By comparing contact tight-
ss at different moments (at baseline, directly after placement and after six months) ne
it was possible to evaluate changes over time. To determine the long-term behaviour 
of a changed proximal contact tightness, restorations placed in the randomized clinical 
9Chapter 9    Samenvatting
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y trial (Chapter 3) were evaluated after six months. None of the patients participating in 
that study complained about any discomfort (for example: food impaction) regarding 
the contact areas involved. It was found that proximal contact tightness is subject to 
nge after restorative treatment. Tighter proximal contacts after treatment tend to cha
though they remain signifi cantly tighter than before treatment, whereas loosen, al
ts due to treatment became slightly tighter, but without recovery of the looser contac
ightness.original contact t
In Chapter 7 ions between the results are discussed and conclusions and relat
re research in this fi eld are presented. The possibilities of the new suggestions for futu
ure Meter) to measure quantitatively proximal contact tightness are device (Tooth Press
 It can be concluded that the Tooth Pressure Meter has proven to produce discussed.
ble and reproducible results to measure proximal contact tightness under relia in vivo
nda  in vitro sis it was found that traditional techniques, such ditions. From this the con
e with a hand-instrument on the matrix band ging’ and applying pressuras ‘pre-wed
erisation, are unsuitable to achieve suffi cient the adjacent tooth during polymtowards 
nstruction of the proximal contact. More-terdental separation needed for the recoin
ass II composite resin restoration use of over, that in the clinical procedure of a Cl
or circumferential matrix bands is recom-separation rings combined with sectional 
erial characteristics of the matrix bands and mended. Differences in thickness or mat
the consistency of the composite resin have only a small effect on the obtained tight-
ness of the proximal contact. 
Future research should be focussed on the remaining clinical problems such as the 
reconstruction of the proximal contour of a Class II composite resin restoration and its 
effect on the periodontium. Also, it is interesting to study the infl uence of occlusion and 
articulation on proximal contact tightness.
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Dit proefschrift houdt zich bezig met het herstel van approximale contacten bij posterior 
composietrestauraties. In zowel klinische- als laboratoriumstudies is onderzocht wat 
het effect is van verschillende technieken en materialen op de sterkte van het approxi-
male contact. In Hoofdstuk 1 wordt een literatuuroverzicht gepresenteerd betreffende 
directe restauratieve technieken en procedures voor het maken van Klasse II composiet-
restauraties. Daarnaast zijn ook de doelen van het onderzoek en een kort overzicht 
van dit proefschrift opgenomen.
In de klinische tandheelkunde zijn er meerdere behandelingsmogelijkheden beschik-
baar om verloren gegaan tandweefsel te herstellen. De algemeen practicus heeft hier-
bij de keuze uit directe en indirecte technieken. Directe technieken zijn effectief, relatief 
simpel en goedkoop, daar waar indirecte technieken een stuk duurder zijn en meer tijd 
kosten. Een materiaal wat direct en bijna in alle indicaties kan worden toegepast is 
composiet. In de afgelopen twee decennia heeft er een overgang plaats gevonden van 
het gebruik van amalgaam naar composiet in de zijdelingse delen. Echter, bij het 
vervaardigen van posterior composietrestauraties worden er door tandartsen nogal 
eens klinische problemen ervaren, zoals het adequaat herstellen van het approximale 
contact en het  optreden van postoperatieve klachten. In het kader van dit proefschrift 
is besloten de problemen die gerelateerd zijn met het herstel van het approximale 
contact bij Klasse II composietrestauraties te onderzoeken.
De doelen van dit proefschrift waren:
•  Het onderzoeken van het effect van separatieringen, matrijsbanden en verschillende 
consistenties van composietmateriaal op de sterkte van approximale contacten 
n vivoi  en in vitro.
t bepalen wat de invloed is van een restauratieve ingreep op de approximale •  He
actsterkte op termijn cont in vivo.
ntwikkelen van een klinische representatief •  Het o in vitro model dat het mogelijk 
het effect te onderzoeken van applicatietechnieken en verschillende proce-maakt 
op de sterkte van het approximale contact bij de vervaardiging van Klasse II dures 
sietrestauraties.compo
ect van separatie dat wordt verkregen bij gebruik van een speciale separatiering Het eff
n houten wig werd klinisch onderzocht in of ee Hoofdstuk 2. Een algemeen gebruikte 
hniek om een sterk approximaal contact te verkrijgen is de ‘pre-wedging’ of tec
‘multiple wedging’ techniek. Deze techniek is gebaseerd op het stevig aanduwen van 
een houten wig interdentaal, waarbij de wig in situ blijft tijdens het prepareren en het 
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restaureren. Deze techniek zou voor een interdentale separatie dienen te zorgen. 
Een andere techniek die beschreven is om sterke approximale contacten te verkrijgen 
is het gebruik maken van speciale separatieringen. Een dergelijke ring wordt geplaatst 
et aanbrengen van de matrijsband en blijft aanwezig tijdens het restaureren.na h
dstuk werd het effect van separatie gemeten waarbij gebruik werd gemaakt In dit hoof
mouth design. Patiënten werden willekeurig verdeeld over twee groepen. van een split-
erd interdentaal een houten wig aangebracht en in de andere groep In één groep w
iering geplaatst, beide op het contact tussen de tanden 45-46. werd een separat
er in beide groepen op het contact 35-36 een houten wig aange-Tegelijkertijd werd 
rd met een separatiering. Door het verschil te meten in contact-bracht gecombinee
ns de plaatsing van de wig en/of ring kon het effect van separatie sterkte vóór en tijde
meten. Uit dit onderzoek kwam naar voren dat de separatiering resulteerde worden ge
tatistisch signifi cant meer interdentale separatie dan bij gebruik van een wig in s
p<0.001). Geen signifi cant verschil werd er gevonden tussen het effect in separatie bij (
en met een separatiering gecombineerd met een separatiering vergelekgebruik van 
an dit onderzoek wezen uit dat als er inter-en wig (p=0.77). De resultaten veen hout
restauratieve procedure, zoals bij het ver-entale separatie benodigd is tijdens een d
uratie, speciale separatieringen effectiever vaardigen van een Klasse II composietresta
zijn dan houten wiggen.
In Hoofdstuk 3 de klinische studie beschreven. Het doel van is een gerandomiseer
deze studie was om drie verschillende matrijssystemen met elkaar te vergelijken in de 
te verkrijgen approximale contactsterkte bij Klasse II composietrestauraties. Bij alle 
preparaties werd gebruik gemaakt van de ‘pre-wedging’ techniek. Twee partiële 
matrijssystemen, gecombineerd met separatieringen, werden vergeleken met een 
traditioneel omvattend matrijssysteem, gecombineerd met de techniek waarbij met 
een handinstrument tijdens het polymeriseren van de eerste laag composiet de matrijs 
tegen het buurelement wordt aangeduwd. Uit de resultaten bleek dat de bij patiënten 
de gemeten approximale contactsterkte varieerde tussen 0.1 en 12.4 N. Ook bleek 
dat de contactsterkte tussen (intra) alsook binnen (inter) de individuen sterk varieerde. 
Het gebruik van partiële matrijssystemen, gecombineerd met separatieringen, resul-
teerde in statistisch signifi cant sterkere approximale contacten (p<0.05), daarentegen 
resulteerde het gebruik van een traditioneel omvattend matrijssysteem in statistisch 
signifi cant zwakkere approximale contacten (p<0.05). Deze gegevens wijzen erop dat 
bij het vervaardigen van een Klasse II composietrestauratie bij gebruik van een tradi-
tioneel matrijssysteem, gecombineerd met ‘pre-wedging’ en druk van een handinstru-
ment, onvoldoende separatie optreedt om te compenseren voor de dikte van de 
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matrijs én de polymerisatiekrimp van het composietmateriaal.
De beperkte hoeveelheid variabelen die in een klinische studie getest kunnen worden, 
maakte het noodzakelijk om een speciaal in vitro model te ontwikkelen (Hoofdstuk 4).
Met dit nieuwe model werd het mogelijk het effect van diverse eigenschappen van 
matrijssystemen, de sterkte van de beschikbare separatieringen en de consistentie van 
composietmateriaal te onderzoeken op de te verkrijgen approximale contactsterkte.
In een fantoomkaak werd een KaVo-element (tandnummer 36) met een gestandaardi-
seerde MO-preparatie geplaatst. Deze gestandaardiseerde preparatie simuleerde een 
amalgaamvervanging en werd gemaakt middels een kopieerfrees-techniek (Celay). 
Deze elementen werden verdeeld over 8 groepen (n=20). In twee groepen werden 
omvattende matrijsbanden (platte en geprecontoureerde) geplaatst in een Toffl emire 
spanner. In de andere zes groepen werden er drie verschillende separatieringen met 
twee soorten partiële matrijsbanden (dead-soft en fl exibele) gecombineerd. Het gebruik 
van partiële matrijsbanden, gecombineerd met een separatiering, resulteerde in 
sterkere approximale contacten vergeleken met omvattende matrijssystemen zonder 
separatiering (p<0.001). 
Om te onderzoeken of het in vitro model in staat is klinisch representatieve gegevens 
te produceren, zijn in deze studie (Hoofdstuk 4) dezelfde technieken en experimentele 
groepen gebruikt als in de klinische studie (Hoofdstuk 3). In beide studies werden 
statistisch signifi cante verschillen gevonden in de verkregen approximale contact-
sterkte bij gebruik van het omvattende matrijssysteem en de beide partiële matrijs-
systemen. Geen statistisch signifi cante verschillen werden gevonden tussen de partiële 
matrijssystemen. Dit geeft aan dat het nieuwe in vitro model in staat is betrouwbare en 
nisch representatieve gegevens te produceren.kli
In fdstuk 5Hoo is onderzocht wat de invloed is van de consistentie van het composiet-
al alsmede verschillende applicatietechnieken op de sterkte van het approxi-materia
ntact. Verschillende consistenties werden gebruikt (laagviskeus, medium-male co
en hoogviskeus) en elk composiet werd gecombineerd met zes verschillende viskeus 
stemen en separatietechnieken. Hetzelfde model als beschreven in Hoofd-matrijssy
werd gebruikt. Het gebruik van de medium- of hoogviskeuze composieten stuk 4 
erde in tegenstelling tot de laagviskeuze, tot signifi cant sterkere approximale resulte
acten (p<0.01). Het gebruik van een separatiering resulteerde in een sterk statis-cont
ch signifi cante toename (p<0.001), daar waar het gebruik van een handinstrument tis
slechts een kleine maar wel tot een statistisch signifi cante toename leidde (p=0.017). 
Geen statistisch signifi cant verschil werd gevonden tussen het gebruik van een 
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partiële matrijsband en een omvattende matrijs indien bij beide systemen een separa-
tiering werd gebruikt (p=0.261). Uit deze studie kan worden geconcludeerd dat bij het 
vervaardigen van een Klasse II composietrestauratie een separatiering een veel groter 
ct heeft op de te verkrijgen contactsterkte dan de consistentie van het composiet-effe
materiaal.
n approximale contactsterkte over een periode van zes maanden na Veranderingen i
ingreep zijn klinisch onderzocht en de resultaten zijn beschreven een restauratieve 
in Hoofdstuk 6 Door approximale contactsterktes op verschillende momenten . 
a zes maanden) met elkaar te vergelijken is het mogelijk verande-(vóór, direct na en n
ar te nemen. Om te bepalen wat het lange termijneffect is van ringen in de tijd wa
approximale contacten, zijn de restauraties uit de klinische studie (Hoofd-gewijzigde 
3) vervolgd gedurende zes maanden. Geen van de patiënten heeft problemen of stuk 
klachten gehad (met bijvoorbeeld voedselimpactie) met de behandelde approximale 
rde approximale contacten gedurende deze en. Het bleek dat verandecontactvlakk
acten namen wat af, maar bleven statistisch niet stabiel bleven. Sterkere contperiode 
andeling. Zwakkere contacten daarentegen gnifi cant sterker dan de situatie vóór behsi
rstelden toch zeker niet tot de originele werden wel een beetje sterker, maar he
contactsterkte.
In Hoofdstuk 7 van de verschillende delen van het onderzoek worden de uitkomsten 
in onderlinge samenhang bediscussieerd. De algehele conclusies en aanbevelingen 
voor verder onderzoek worden gepresenteerd. De mogelijkheden om met het nieuwe 
meetinstrument (Tooth Pressure Meter) kwantitatieve metingen van de approximale 
contactsterkte uit te voeren worden besproken. Geconcludeerd kan worden dat het 
mogelijk is met de Tooth Pressure Meter betrouwbare en reproduceerbare gegevens 
te verkrijgen in een in vivo als ook in een in vitro setting. Uit dit onderzoek kan worden 
gesteld dat traditionele technieken, zoals ‘pre-wedging’ en het gebruik van een hand-
instrument om tijdens het polymeriseren van de composiet de matrijs tegen het buur-
element aan te duwen niet afdoende blijken te zijn om voldoende interdentale separa-
tie te verkrijgen die nodig is om een goed approximaal contact te maken. Tevens blijkt 
dat in de klinische procedure voor het vervaardigen van een Klasse II composietres-
tauratie het gebruik van separatieringen in combinatie met partiële of omvattende 
matrijsbanden te prefereren is. Verschillen in diktes en de verschillende materiaaleigen-
schappen van de matrijsbanden alsook de consistentie van het composietmateriaal 
blijken slechts een klein effect te hebben op de te verkrijgen approximale contact-
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sterkte.
Toekomstig onderzoek zal zich moeten richten op de resterende klinische problemen 
die gerelateerd zijn aan posterior composietrestauraties, zoals de reconstructie van de 
approximale contour van een Klasse II composietrestauratie en de invloed ervan op 
het parodontium. Ook is het interessant om te onderzoeken wat de invloed is van de 
occlusie en articulatie op de approximale contactsterkte.
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Appendix I: Technical information of the Tooth Pressure Meter 
For this research we have developed a device, named ‘Tooth Pressure Meter’ (TPM), 
to measure proximal contact tightness. This device was adjusted and modifi ed, based 
on an instrument developed by Dörfer et al.1 and constructed at the University of 
Technology Delft in the Netherlands.
The TPM consists of fi ve parts:
• The measuring head, for doing actual measurements.
•  The interface, which drives and converts the measurements and communicates with 
the host PC.
• Communication connector to the PC (serial port).
• 9VDC adapter, power supply for the instrument. 
• Data acquisition in MS Excel.
Figure 1: The Tooth Pressure Meter (TPM)
Figure 2: Details of the measuring head
Figure 3: Hardware setup of the TPM
Appendices
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Figures 4 and 5: The strip holder of the TPM, a 0.05mm thick metal strip is mounted and fi xated with screws.
Measuring head:
n the strip holder a 0.05mm thick metal strip is mounted and fi xated with screws I
simply be removed for sterilization; whereas d 5). The strip holder can (fi gures 4 an
rest of the instrument can be disinfected. suring strips are disposable. The the mea
ecial care.e interface or other parts don’t need spTh
Figures 6 and 7: Clinical procedure of measuring proximal contact tightness using the Tooth Pressure Meter.
For the measurement the metal strip is inserted interdentally from the occlusal direction.
The tightness of the contact is quantifi ed as the maximum frictional force [N] needed to
remove the strip slowly in occlusal (vertical) direction (fi gures 6 and 7).
When force is applied to the metal strip (upon removal from the proximal contact) the
beam defl ects and the strains that develop on the beam are measured by a full Wheat-
stone bridge.2 The amount of deformation is a function of the force needed to remove
the strip from the proximal contact, i.e. proportional to the degree of proximal contact
tightness.
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Interface:
The interface box contains the Analog to Digital converter and the microprocessor that 
drives the measurements and communicates with the host PC. It has two LED’s that 
shows the status of the interface:
• ‘Green LED’ Ready for use
• ‘Red LED’ Continuous: Measurement in progress
• ‘Blink’   Communication error
If the red led blinks, an error has occurred and the interface has to be reset, this is 
simply done by removing the DC-adapter plug. When inserted again, the green led 
has to come on. 
DC-Adaptor:
The DC-adaptor is the power supply for the instrument. It is recommended to use 
a 9 Volts stabilized adaptor with a 2.5 mm connector (inner connection ‘+’, outer 
connection ‘-’). Minimum power requirement is 4.5 W (500 mA).
Communication plug:
The communications connector fi ts a standard 9 pins D-connector type RS-232 
communication port of a PC.
Data acquisition:
Custom-written software in Excel (MS Offi ce 2000, Windows) is used for data 
acquisition.
Clinical procedure using the TPM:
h contact site three measurements are taken of which the mean value is deter-At eac
s the fi nal result. Deformations of the metal (for example due to irregularities of mined a
or a not parallel removal of the strip from the interdental area could result in the strip) 
too tight proximal contact measurements. Therefore, measurements are con-relatively 
as ‘failed’ when the outcome exceeds the maximum (pre-set) range between sidered 
e measurements of 0.5 N. In that case a measurement should be redone. the thre
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Appendix II: Information for the patient 
Patiëntinformatie
kenmerk: BL-06/02 patiëntinformatie
Nijmegen, juli 2002
Geachte patiënt,
De geplande behandeling bij u is dat er één of meerdere witte vulling(en) worden gemaakt in uw kiezen. 
Graag willen we uw medewerking vragen om een paar kenmerken van deze vullingen te onderzoeken. 
Zo willen we bijvoorbeeld weten hoe strak de tanden tegen elkaar komen te staan na het vullen bij gebruik 
van verschillende soorten ‘bekisting’-systemen. De vullingen worden gemaakt volgens reeds bestaande en 
geaccepteerde methodes. De toewijzing van het bekistingsysteem geschiedt onwille keurig met een
computerprogramma. De metingen zijn niet pijnlijk, onschadelijk en simpel, en ze worden uitgevoerd met 
behulp van een digitale krachtmeter.
De metingen worden ook verricht tijdens de eerstvolgende halfjaarlijkse controle (na 6 maanden) en even-
tueel na 12 maanden. Deze metingen zullen worden uitgevoerd door een tandarts-onderzoeker en zullen 
ongeveer per keer 30 minuten in beslag nemen. 
U heeft het recht uw toestemming op ieder moment tijdens het onderzoek in te trekken zonder dat u daar-
voor een reden behoeft op te geven. Het zal geen invloed hebben op de verder te ontvangen zorg.
Commissie Mensgebonden Onderzoek Regio Arnhem-Nijmegen heeft ontheffi ng verleend van de ver-De 
ng om voor dit onderzoek een verzekering af te sluiten. De reden hiervoor is dat de commissie van plichti
is dat dit onderzoek naar zijn aard voor de deelnemers eraan zonder enig risico is.oordeel 
en of onduidelijkheden over dit onderzoek, kunt u zich wenden tot ondergetekende of totBij vrag
A.J.M. Plasschaert (Afdeling Tandheelkunde van het UMC St Radboud te Nijmegen, 024-3616410).prof. dr. 
de u voldoende te hebben geïnformeerd,Hopen
vriendelijke groet,met 
drs. B.A.C. Loomans
tandarts-onderzoeker
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“Differences between matrix systems in the creation of interdental contacts.”
(“Het verschil tussen matrijssystemen in het verkrijgen van interdentale contacten.”)
denheid over het onderzoek geïnformeerd. Ik heb de schriftelijke infor-Ik ben naar tevre
BL-06/02 patiëntinformatie) goed gelezen. Ik ben in de gelegenheid matie (Kenmerk: 
over het onderzoek te stellen. Mijn vragen zijn naar tevredenheid gesteld om vragen 
goed over deelname aan het onderzoek kunnen nadenken. Ik heb beantwoord. Ik heb 
mming op ieder moment weer in te trekken zonder dat ik daarvoor het recht mijn toeste
behoef op te geven.een reden 
Ik stem toe met deelname aan het onderzoek:
Naam
oortedatumGeb
kening     Datum Handte
Verklaring van de tandarts - onderzoeker:
Ondergetekende verklaart dat de hierboven genoemde persoon zowel schriftelijk als 
mondeling over het bovenvermelde onderzoek is geïnformeerd. Hij verklaart tevens 
dat een voortijdige beëindiging van de deelname door bovengenoemde persoon, van 
geen enkele invloed zal zijn op de zorg die hem of haar toekomt.
Naam : drs. B.A.C. Loomans
Functie : Tandarts - onderzoeker
Datum Handtekening     
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Appendix IV: Entry Form  Multicentre study Nijmegen - Heidelberg
Subjects ID# N Name:
 D M Y Date of birth:
  Sex: m / v
T1 T6
Criteria for inclusion
Yes No
     Good general health (ASA I), no pregnancy.
     No known allergy to test products.
     Aged minimum 18 years.
      A class II restoration is indicated in the fi rst premolar (DO, MOD), in the 
second premolar (MO, DO, MOD), in the fi rst molar (MO, DO, MOD) or 
in the second molar (MO) in upper and lower jaws.
      Position of the tooth and the size of the restoration enable the recon-
struction of an anatomical correct contact area.
      Measurable contacts must be present at the experimental contact(s) 
and measurable contacts must be present at both sides of the experi-
mental contact(s). 
      Tooth and antagonist have to be fully erupted and in occlusion.
      Presence of intra-oral prosthesis should not interfere with the experi-
mental contacts.
     Absence of periodontal diseases (pockets >5mm.).
      No current or recent (within the last 30 days) participation in any other 
dental clinical study.
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Appendix V: Variables Form   Multicentre study Nijmegen - Heidelberg
Subjects ID# N Name:
D M Y Date of birth:
 Sex: m / v
T1 T6
Necessary times for different procedures:
Preparation Min. Sec. 
Matrix Min. Sec. # of layers
Adhesive Min. Sec. # of polymer. steps
Finishing Min. Sec.
hesia: Rubberdam:AnestOperator: 
  m N.J.M.  Opda     Yes     Yes
  Loomans A.J.M.      No     No
Situation pre-situation:
   Tooth:
   Primary caries   estoration   No r     MO
  Secondary caries   malgam   A     DO
    Fracture    Composite    MOD
   ...... 
Matrixsystem: Use of Sonicsys:
    Toffl emire    Yes
    Danville    No 
  Palodent
Adhesive system: Composite material:
    Photo Bond + SA Primer    AP-X (A3) pre-loaded tips
  SE Bond   Other:...
Pulp exponation:
    No
  Yes:    Direct covering with adhesive systems
   Covering  with Ca(OH)2 :
   Covering with GIC :
  Starting endo  
Placement of separation ring:
Placement of the separation ring 1ste choice 2aste choice 2bste choice Possible in comb.
     with 3ste choice
  Mesial Buccal   above, or   next to wedge   next to wedge   placed after fi rst
 on top of wedge same side of rest. other side of rest. layer comp. 
Lingual/palatalmesial distal   above, or    next to wedge    next to wedge   placed after
  on top of wedge same side of rest. other side of rest. fi rst layer comp.  
  Distal Buccal   above, or   next to wedge   next to wedge   placed after
  on top of wedge same side of rest. other side of rest. fi rst layer comp.
Lingual/palatalmesial distal   above, or   next to wedge    next to wedge   placed after
 on top of wedge same side of rest. other side of rest.  fi rst layer comp.  
Measurements: Reference to Excel:
dd mm yy time
T0 + T1 1 5
T6: after 6 months 2 6
3 7
4 8
Contra lateral side is included as control side:
   Yes
   No
Remarks:
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6.  Contact area adjacent teeth
  A:  There is an adequate contact with the adjacent tooth. Clearly perceptible 
‘Snapping-effect’ by passing fl oss through the contact with the adjacent tooth 
  B:  There is a light resistance by passing fl oss through the contact with the 
adjacent tooth. 
   C:  There is no resistance by passing fl oss through the contact with the adjacent 
tooth.
7.  Sensitivity
   A: Tooth shows a normal vital response to thermal stimuli and to loading.
   C1: Tooth does not show a vital response to thermal stimuli and to loading.
  C2: Tooth shows a very painful response to thermal stimuli and to loading.
Appendix VI: USPHS   Multicentre study Nijmegen - Heidelberg
Subjects ID# N Name:
D M Y Date of birth:
 Sex: m / v
T1 T6
without changes or clinical remarks. “Excellent, good”Alpha (A):  Restoration 
with changes that are clinically acceptable and without need for replacement. “Satisfactory”Bravo (B):   Restoration 
th major changes which require replacement of the restoration. “Unacceptable”Charlie (C):   Restoration wi
y / adaptation1.  Marginal integrit
   No visible evidence of a crevice along the entire cavosurface margin that an A:    
r will detect.explore
  e along the margin into which the explorer pene-e evidence of a crevicB:  Visibl
s exposed.tes, but no dentin or base itra
   crevice and dentin or base is exposedThe explorer penetrates into a C: 
 Cavomarginal discoloration2. 
  e is present.A: No discoloration at margin interfac
   gin.B: Superfi cial penetration of the mar
   oration.C: Deeper penetration of the discol
3.  Caries assessment
   A: No evidence of caries at the margin of the restoration.
   C: Evidence of caries at the margin.
4.  Anatomic form / wear
   A:  Restoration is continuous with existing anatomical form.
   B1:  Restoration is discontinuous with existing anatomical form, but missing 
material is not suffi cient to expose dentin or base.
   B2: Restoration has a local chip-fracture.
   C1: Suffi cient material is lost to expose dentin or base.
  C2: Bulk fracture of the restoration.
   C3: Restoration is completely missing or mobile.
   C4: Fracture of a cusp next to restoration.
5.  Surface texture
   A:  Surface of restoration is as smooth as the enamel (reference: buccal enamel 41)
when evaluated with the tip of the explorer.
  B: Surface is rougher than enamel.
  C: Surface is pitted or fractured, to the extent the restoration needs replacement.
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Een proefschrift is en blijft een wetenschappelijke proeve van bekwaamheid. Om dit 
doel te bereiken heeft een fantastische projectgroep mij begeleid, gekneed, gesmeed 
en gestuurd. Hetgeen nu heeft geresulteerd in de afronding van dit project.
Veel personen hebben hun steentje, in allerlei vormen, bijgedragen. Graag wil ik daar-
om iedereen die bij dit onderzoek betrokken is geweest van harte danken voor het 
werkplezier én  het vertrouwen dat ze me in de afgelopen jaren hebben gegeven.
Enkele personen wil ik echter speciaal bedanken: 
Prof. dr. R.C.W. Burgersdijk. Beste Rob, samen met Fons Plasschaert als rector 
magnifi cus heb je ervoor gezorgd dat ik in 1993 Tandheelkunde kon blijven studeren. 
Zonder jullie ingrijpen was er anders nooit een promotieonderzoek opgestart en was 
dit boekje nooit tot stand gekomen. Hiervoor mijn oprechte dank! Net voor mijn afstu-
deren heb je gevraagd om bij je te komen promoveren. Op dat moment overviel je me 
ermee, echter nadat ik alle plussen en minnen op een rijtje had gezet, heb ik volmondig 
‘ja’ gezegd. Met name je directheid, eerlijkheid en niet te vergeten je structurele over-
zicht over mijn onderzoek heb ik altijd zeer gewaardeerd. En niet te vergeten: ik ben 
je laatste promovendus!
Prof. dr. A.J.M. Plasschaert. Beste Fons, toen bleek dat de nadruk binnen het 
onderzoek een meer restauratief karakter kreeg, ben je zo vriendelijk geweest de 
projectgroep te versterken. Dank voor je zeer nuttige adviezen en begeleiding hetgeen 
ik altijd zeer op prijs heb gesteld.
Dr. N.J.M. Opdam. Beste Niek, waar moet ik beginnen om jou te danken. Je niet te 
stoppen  enthousiasme en je voortdurend opborrelende ideeën over nieuwe innova-
ve onderzoeksopzetten zijn uniek!tie
J.M. Roeters.Dr. F. Beste Joost, altijd scherp en kritisch en steeds ervan overtuigd 
t nog beter kan. Je parate literatuurkennis is ongelofelijk breed en nauwkeurig, dat he
enschap die weinigen kunnen evenaren. een eig
W. Bronkhorst.Dr. Ir. E. Beste Ewald, je weet dat statistiek voor menigeen in de 
e professie een ondoorgrondelijke, maar tevens onvermijdelijke, materie is. medisch
oor je fantastische ondersteuning ben zelfs ík statistiek gaan waarderen. Echter, d
C.E. Dörfer.Prof. dr. Lieber Christof, bereits seit Anfang 2001 sind Sie mit in dieses 
ungsprojekt eingebunden. Ohne Ihre Hilfe und Unterstützung wäre die Entwick-Forsch
des ‘Tooth Pressure Meter’  nicht möglich gewesen.lung 
r. H.M.M. HoogenboomDh . Beste Harry, dank voor al je computerondersteuning in 
alle facetten van het woord.
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) Prof. dr. M.A. van ‘t Hof. Beste Martin, helaas dat je door het noodlot - dat in oktober 
2005 plotseling toesloeg - waarschijnlijk niet in staat zult zijn tijdens de promotie in de 
corona plaats te nemen. Graag wil ik je danken voor de statistische steun die je me 
name in de beginfase hebt gegeven. met 
 WolkeDr. J.G.C. . Beste Joop, dank voor al je ondersteuning en wijze raad voor de 
aboratoriumstudies. Je ‘Amsterdamse’ nuchterheid en directheid werk-opzet van de l
erend.ten altijd verheld
ers.Ing. V.J.M.I. Cuijp  Beste Vincent, bedankt voor de hulp die je hebt gegeven in het 
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Technieken voor het herstel van contacten tussen de kiezen 
Als bij een tandheelkundige controle cariës (‘een gaatje’) tussen de kiezen wordt geconstateerd, zal tijdens de behandeling
ervan het contact tussen de kiezen moeten worden verbroken om het aangetaste weefsel te kunnen verwijderen. Dit defect, 
ook wel caviteit genoemd, zal daarna moeten worden hersteld met een vulling. Traditioneel werd er in de kiezen een amalgaam 
vulling (‘zilveren vulling’) gemaakt, maar in de laatste twee decennia is het gebruik van composiet (‘witte vulling’) als tand-
heelkundig vulmateriaal sterk toegenomen. Veel tandartsen blijken bij het maken van een composietvulling in de kiezen echter 
grote moeite te hebben om de vulling goed tegen de ernaast gelegen kies te leggen. Het contact tussen de kiezen, dat eerder 
verloren is gegaan, wordt dan niet voldoende hersteld. Bij het maken van een dergelijke vulling is het altijd nodig een bandje 
om de kies aan te brengen dat dienst doet als bekistingsysteem voor de vulling. Bij het aanbrengen van amalgaam kan je dit
materiaal zo strak aanduwen in de caviteit dat een goed contact tussen de kiezen ontstaat. Het composietmateriaal daarente-
gen kan niet worden aangeduwd. Bovendien krimpt dit materiaal ook nog een beetje tijdens het uitharden. 
Bij de overgang van amalgaam naar composiet zijn veel tandartsen de traditionele bekistingsystemen en bijbehorende technie-
ken blijven gebruiken. Voor dit promotieonderzoek is er in samenwerking met de Universiteit Heidelberg en met de Technische 
Universiteit Delft een speciaal meetinstrument, genaamd Tooth Pressure Meter, ontwikkeld. Met dit instrument is het mogelijk 
de sterkte van contacten tussen de kiezen te meten. In dit onderzoek zijn klinische en laboratorium studies verricht, waarbij 
voor verschillende technieken en systemen is vergeleken hoe sterk de contacten tussen de kiezen worden na het maken van 
composietvullingen. Ook is er meer inzicht verkregen in hoe gewijzigde contacten tussen de kiezen zich gedragen in de loop van de tijd. 
De algemene conclusie van dit onderzoek is dat bij het restaureren van een composietrestauratie er andere bekistingsystemen
en andere technieken nodig zijn dan wanneer amalgaam wordt gebruikt. Voor het verkrijgen van een goed contact tussen 
de kiezen blijkt het juiste bekistingsysteem de sleutel to succes te zijn. Hierdoor hoeft het herstel van deze contacten voor
tandartsen geen probleem meer te zijn.
